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Speeding upBeebI/O = 16 


Paul Beverley describes the implementation of 
| a dual speed I/O processing system that offers 
| increased speed yet avoids the extra expenses 
often associated with high speed systems. 


BBC numeric pad 22 


| For under ten pounds we show you how to add 
anumeric keypad to the BBC micro. 


Amstrad A/Dconvertor 42 


| The Amstrad computer offers a comprehensive 
selection of I/O but lacks an A/D convertor. This 
project makes good the omission and offers an 
eight channel capability with 8 bit resolution. 


Spectrum 64 


Not a memory expansion project but some 
machine code software that provides a 64 
character per screen line print option for the 
computer. Double and quadruple size 
characters may also be created by the software. 


FEATURES 


oe 
Communications column 28 
in anew monthly series, Ben Knox introduces 
both himself and some of the many databases 
accessible to micro owners. 


e s 
QL multi-tasking | 30 
Adam Denning dispels the myth that multi- 
tasking on the QL is anything other than easy. 


Interactive video 46 


The launch of Acorn’s interactive video system 
has prompted us to take a close look at the 
technology behind this new and growing 
industry. 


Floppy turnover 51 


Take a humble single sided floppy disk, a pair of 
scissors and a little imagination and you canis a 
half sie double sided floppy. 
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Parlez Pascal 


Continuing our series on everything there is to 


know about Pascal. We turn to the subjects of 


user defined types and arrays. 


REVIEWS | 


GST’s QL assembler 11 


Last month's review of GST’s QL assembler 
contained some unfortunate errors. We're not 
ashamed to admit when we are wrong and set 
the record straight with a reassessment sy the 


package. 


Spectrum+ : 36. 


The Spectrum+ computer slipped onto the 
market in mid-October with the hype ~ 
traditionally associated with the launch of anew 
Sinclair micro conspicuous by its absence. 
Perhaps this is because the computer can 


Pascal in practice — 


Pascal are reviewed by Adam Denning. 


BBC memory expansion 66 


systems 

The Raven 20 and Watford Electronics memory 
expansion systems for the BBC micro are put to 
the test. Although both achieve broadly the 
same aims, there are subtle differences 
between the designs. 
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Computing 
with Burke’s 


In its 158 year history, Burke's Peer- 
age, the reference book detailing 
the blood lines of the British upper 
classes, has got along quite well 
without any help from the computer. 
Next year’s edition of the work will, 
though, make use of the latest com- 
puter hardware to collate all the 
information going into the issue. The 
move onto a computerised system 
has, however, given Burke's quite a 
few headaches. 

It seems that the publishers of 
Burke’s had expected rather too 
much of the humble computer 
which, in the words of a company 
spokesman, can only do what they 
are told. It appears as if, in their 
innocence, the people at Burke’s 
were not aware of this fact. 

The problems with the computer 
system mean that there will be a 
couple of months delay in publica- 
tion of the issue, something that is 
bound to hurt the pockets of the 
publishers. 

One burke is quoted as saying 
that in the old days the title was put 
together by an army of quill-wielding 
clerks and that as far as he was con- 
cerned, the quill was still mightier 
than the computer —| hope his Man- 
aging Director shares that opinion. 


Bevan’s 
Beeb Drive 
Bevan Technology, a company new 
to the micro electronics market- 
place, has chosen a 3” disk drive for 
the BBG micro as their product. The 
drive is based on a mechanism 
manufactured by Hitachi and is cap- 
able of storing 100K on each side of 
the flippable mini-floppy disks. 

Each drive is supplied with a 
systems disk that includes many 
utilities in addition to a memory 
mover routine and a screen dump 
facility. The command screens of 
the utilities disk make full use of the 
sound and graphics pages of the 
BBC computer. 

Prices of the products range from 
£159 for a single sided, single drive 
unit to £359 for a dual, double sided 
unit. 

Bevan have plans to extend their 
tange of BBC micro add-ons early in 
the new year. At present prospects 
include a comprehensive interface 
that builds in a 3” drive plus a range 
of I/O functions. The unit is to be 
housed in a casing that will bridge 
the computer thus acting as a con- 
venient base for a monitor. 

Bevan Technology Limited, 3rd 
Floor, Gresham Chambers, 14 
Lichfield Street, Wolverhampton, 
West Midlands, WV1 1DG. 
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Patentl 
Aries? 


Just after the last issue of E&CM 
closed for press, Cambridge Com- 
puter Consultants published their 
patent application in respect of their 
Aries B20 memory expansion 
board for the BBC micro. We are at 
present taking advice from a 
number of bodies as to the likeli- 


obvious 


for 


hood that the Aries patent would in 
fact be granted. It is hoped that, in 
our January issue, we will be able to 
report fully on the content and 
scope of the patent application and 
the reaction to both from the techni- 
cal and legal point of view. 


We want 
you! 


E&CM are looking for an electronics 
enthusiast to assist in the testing 
and researching of projects for 
future inclusion in the magazine. 

Suitable applicants will have had 
some electronics experience and 
may, possibly have contributed to 
magazines in the past. Any 
expenses incurred during the build- 
ing up of projects will be met by 
E&CM and the magazine will also be 
offering a small fee which will be 
paid on a freelance basis. 

For convenience, all applicants 
should live in the London area, pref- 
erably in the south, or east or in the 
city so that. contact with the staff on 
the magazine may be made without 
too much difficulty. 

Anyone interested in getting 
involved with E&CM at this level 
should apply to The Projects Editor, 
Electronics and Computing 
Monthly, Scriptor Court, 155 Far- 
ringdon Road, London EC1R 3AD, 


New printers 
from Quen-Data 


Those considering the purchase of a 
printer this Christmas might well be 
advised to wait until late December 
when Quen-Data, the UK distributor 
for Sumitomu, the largest manu- 
facturer of computer peripherals, 
are to launch four new models. 
These will have similar specifica- 
tions to the Epson range of printers 
but will be available at a much lower 
cost. 

In the meantime, Quen-Data are 
offering two printers of interest to 
home users. These are the 
DWP1120 daisy wheel printer retail- 
ing at £280 and the DP100 dot mat- 
rix unit available for £230. The mod- 
els are available from Computer 
Intelligence, Spectrum UK and 
many other major High Street dis- 
tributors. 


Prospects for 
Projects 


In our October issue we mentioned 
the fact that we intended to give 
away a free copy of Sinclair Projects 
with last month’s E&CM. Unfortu- 
nately, due to circumstances 
beyond our control, we were unable 
to complete production of the 
magazine as planned. 

In future we will be incorporating 
Sinclair Projects within E&CM and 
have lined up some exciting pro- 
jects for the Spectrum, QL and 
ZX81. These will begin to appear 
early in the new year, the first in our 
February issue. We hope that past 
readers of Sinclair Projects will find 
plenty of material to interest them 
within the pages of E&CM. : 
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Kempston Micro Electronics have 
launched two new joysticks just in 
time for the Christmas games 
boom. A move away from the 
Spectrum market brings the BBC 
Pro model, which costs £16.95 
inclusive of VAT and is designed to 
blend in with the micro itself plug- 
ging directly into the analogue port 
whilst the Junior Pro is aimed at 
Spectrum owners and carries a 
price tag of £5.99. 

The company are aiming to boost 
sales further with a special Christ- 
mas package of Junior Pro joystick 
and Kempston interface on offer at 
£14.99, which is a saving of £2.50 if 
the items are to be bought sepa- 
rately. Kempston are at Singer Way, 
Woburn Road Industrial Estate, 
Kempston, Bedford, MK42 7AF. 
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NEWSNEWS NEWS 


Kempston’s Quest for QL add-ons 


Double 
Joy 


Wise-up on 
Wordcraft 


Our series of wordprocessing 
reviews featured in Jast month's 
issue made mention of the CBM 
package, Wordcraft. However, we 
neglected to add the name and 
address of the suppliers to our 
chart, an omission for which we 
must apologise. 

Wordcraft 64 (disk version) is 
priced at £43.44 plus VAT and is 
available from Dataview Wordcraft, 
Radix House, East Street, Colches- 
ter, Essex CO1 2XB. 


The QL add-on industry is starting 
to gain momentum and one of the 
most impressive entries in the field 
to date are Quest. The company 
recently unveiled a range of 
hardware and software for the new 
Sinclair computer. The bolt-on 
hardware goodies, designated the 
QL Executive Series, include a 
range of disk drives and interfaces 
which start from a humble 200K 
floppy drive and go to a 7.5MB Win- 
chester. 

The major software announce- 
ment concerns the company’s 
implementation of digital 
Research's CP/M 68K OS in a QL 
compatible form. This is supplied 
either on a 514” floppy disk (price 
£49.50) or on microdrive cartridges 
(£79.50). The 28.5K operating 
system includes an assembler and 
goes alongside the QL’s own QDOS 
operating system. 

Quest have also produced a suite 
of business accounts software that 
goes under the name Tally. The 
packages in this range of software 
are integrated not only within them- 


selves but with the four Psion pack- 
ages that are supplied with the QL. 
Thus it is possible, for example, to 
transfer sales revenue figures from 
the nominal ledger program and to 
display them graphically using 
Easel. 

The Quest add-ons take the QL to 
a level of performance that truly 
advances the system to the point at 
which it can fulfill a useful role in a 
smali business application, 

We hope to feature a more 
detailed look at the Quest range of 
products in the next month or so 
and, in particular, to examine the 
CP/M-68K OS and the way in which 
it interacts with QDOS. ; 

Quest, School Lane, Chandler's 
Ford, Hampshire, SO5 3YY, 


NOTE 


Paul Beverley has asked us to point 
out that his article describing the 
use of the BBC micro as a Logic 
State Monitor, published last 
month, was based on an idea from 
Mr. G. G. Osbourne, 
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The BBC microcomputer uses a 6502A 
processor, which means that it is capable 
of running at clock speeds of up to 2 MHz. 
This would normally mean that one would 
have to use interface chips which can also 
work at 2 MHz, such as the 6522A. The 
problem is that such chips are more 
expensive than their 1 MHz counterparts, 
therefore to get the higher processing 
speed and yet avoid the extra expense, the 
designers of the BBC microcomputer have 
made the system capable of operating at 
the speeds 2MHz for high speed proces- 
sing and 1 MHz for slower speed interfac- 
ing. 

In this article we will be looking at the 
way in which this dual speed processing is 
achieved and trying to see how it affects 
the timing of interfacing to external 
devices. Then we shall look at ways in 
which the slower interfaces can be 
speeded up to 2 MHz in order to get the 
best out of the 6502A’s high processing 
speed when trying to interface to high 
speed peripherals. Presumably, if you wish 
to increase the speed of the interfaces you 
must already have tried to do some pro- 
gramming in 6502 assembly language in 
order to have recognised the speed limita- 
tions. Therefore, in trying to explain what is 
happening, we will assume some know- 
ledge of 6502 mnemonic codes. 


The hardware 


The hardware for this dual speed proces- 
sing is illustrated in block diagram form in 
Figure 1. The idea is that the circuit 
automatically slows the processor down to 
1 MHz every time it tries to access certain 
devices. To do this, the chip select lines for 
all the devices that are to operate at slow 
speed are gated together to form a “re- 


quest” signal. This signal is then applied to 
a circuit comprised of a number of gates 


Paul Beverley shows how fo interface the 
BBC micro using the full 2MHz clock speed of 
the 6502 processor. 


and bistables which sets up the timing of 
the signal which is fed into the clock input 
to the 6502A. 

Figure 2 gives a list of all the devices at 
the various address locations, and shows 
the speed at which each is accessed. For 
those addresses which could be accessed 
at either speed, some indication is given as 
to how the access speed may be changed. 

As suggested in Figure 2, a facility has 
been provided on the pcb for changing the 
access speed of certain devices. Even the 


sideways ROMs can be run at either 2 MHz 


or 1 MHz. This facility was provided 
because in the earliest machines the Basic 
ROM was put in the slot now occupied by 
the MOS ROM (IC 51} and the operating 
system was put in four 4K EPROMs work- 
ing at 1 MHz in what are now the sideways 
ROM sockets. You could still slow down 


—— 


CHIP SELECT 
LINES OF DEVICES 
REQUIRING 

IMHz ACCESS 


REQUEST SIGNAL 


DIVIDING CIRCUITS 
(PART OF VIDEO 
PROCESSOR CHIP) 


— 


SPEED- 
SWITCHING 
CIRCUITS 


Figure 1. Block diagram of the 1MHz/2MHz speed switching system. 
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the access of these ROMs to 1 MHz if you 
wanted to by using the selection links, but 
there seems little point in doing so. 

The only device which has the specific 
option of being speeded up is the 1 MHz 
bus. Links $15 and S16 are provided in 
order to turn this into a 2 MHz bus! How- 
ever it is also possible, by a simple 
hardware modification, to speed up the 
external VIA which provides the User Port 
and Printer Port facilities. Making this work 
at 2 MHz not only increases the interfacing 
speed of the ports but also improves the 
timing resolution of the VIA counter-timers 
from 1 to 0.5 microseconds. This will also 
enable us, amongst other things, to double 
the upper frequency limit of the frequency 
meter program that appeared in the Sep- 
tember issue. 

All the other devices that work at 1 MHz 
such as the serial processor and the 
analogue to digital converter are inherently 
slow devices anyway, thus it would be of 
no real advantage to up-rate them to 3 
MHz. The extra 0.5 or 1 micro-second 
saved at each access would be insignifi- 
cant. 


e 

The Timing 
Executing a 6502 instruction like LDA 
&2000, ie using absolute addressing, takes 
a total of four clock cycles. It is made up of 
one cycle for fetching each of the three 
bytes of the instruction from the memory, 
and one cycle for actually executing this 
instruction and transferring the data from 
local &200 to the accumulator. Thus, using 
the 2 MHz clock, this would take 4x 0.5 uS 
=2 4S. 

If instead, the address used was one of 
those which is accessed at 1 MHz, suchas 
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LDA &FE6O, then the timing would be three 
cycles at 2 MHz. This is because the 
instructions, whether in RAM or ROM, are 
accessed at the higher speed, and then 
one cycle at the slower speed. In theory 
this should mean that it would take 3 x 0.5 
+1x1.0 nS = 2.5 wS. However, if you do 
some actual timings, you will discover that 
sometimes such an instruction takes 2.5 
»S and sometimes it takes 3.0 4S. 


Device 
RAM a 
MOSROM 
(C100 © 
I¢-62 
IC 88 
16104 
Fred 


Address range 
0000 7EFF 
8000—BFFF 
C000— FBFF 


FC0o—FCFF 


FDOO~FDFF « dim 
FEOO,FEOt 
FEO8,FEOO 

PERI cas 


 6845CRTIC 
 BBBOACIA. 
- IC-4SERPROG 
“ NMUintOFF/ 
Station ID: ” 
~VIDPROG - 
= NMLintON 
>» ROM select 
intemal VIA 
‘External VIA. 


FE20- 

FESO. ; 
“FE40-FEAF 
_FE6O—FESF 
"FEB0-FEad 2a 
pena 


ADLG(Econet) 
“AD converter 


FEATURE 


LISTING 1. Test routine used to demonstrate 
the slow and fast accesses of the processor 


Pu-BODEX. 

tOPT 2° 
LX #0” 

LDY. #0 


.start as 

“LDA address: 

LDA Sacaaswdeags ts 
DEY 

BNE Start 
DEX’ Sore 

BNE ‘start - 

ARIS ace 

ay 

TIME<@ 

CALL: CODEZ - 
Xi = fens 


240 LF X%<50 PRINT 
“2 MHz" ELSE PRINT 


This effect can be seen if you run Listing 
1 and use an oscilloscope to look at 
various waveforms within the computer. 

These waveforms illustrated in Figure 3 
have, for simplicity, been drawn as if all 
changes of state occurred at exactly the’ 


Speed 
2MHz 
2MHz PRO TS: 
St QAR oS Be 
2(1) MHz a p Shahi 
~ 20) MHz os 
2 (4) MHz 
= 41 Q)MHz ° 
‘ LIME 
JAMH2 
+MH2 
1 MHZ 
“AMHe 


"OMe 


pba ae 
MHz 
! 1eMe 


“MHz 
2MHz : 
MHz 


Figure 2. A list of the access speeds of the various devices at different memory locations. 
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same instant. this is not quite true as there 
are delays of a few tens of nano-seconds. 
However, to represent them on a diagram 
of this scale, would make it even more con- 
fusing than it already is. 

As you can see, the first access to a slow 
device (LDA &FCOO) takes only 1.0 S 
whereas the second (STA &FDO0) takes 1.5 
uS. The reason for this is that a full 1 MHz 
cycle (logic 0 then logic 1) is available as 
soon as the request signal appears the first 
time, whereas for the second access, the 
request comes. when the 1 MHz signal is 
high. Therefore the system has to wait until 
the 1 MHz clock signal goes back to logic 0 
before setting up the new address and 
transferring the data, ie it has to wait an 
extra 0.5 nS. 


Speeding things up 


To speed up the 1 MHz bus, the circuit 
diagram suggests that all you have to do is 
to cut links $15 and S16 which are actually 
made with track links on the pcb and then 
add pull-up resistors R72 and R73 (each 
*3k3), if they are not already fitted, at the 
places marked on the board, ie just along 
the right hand side of IC3. This should then 
increase the access speeds of pages &FD 
and &FC respectively (JIM and FRED). 
Unfortunately there is an error on the pcb 
which has perpetuated right up to issue 7! 


FETCH: {LDA | 00 
' 


EXECUTE 


Figure 3. Timing diagram for Listing 1. 

track on the underside and breaking it 
would involve taking out the whole of the 
pcb. Breaking the track going to pin 2 can 
be done from above the board without 
moving the pcb at all. 

If you need to be able to restore the 
speed of the bus to 1 MHz then you will 
have to solder a link directly from pin 2 of 
1C23 back to the North pad of S16. This, 
along with the contacts to S15, could 


“Unfortunately there is an error on the pcb which has 
perpetuated right up to issue 7!” 


There is nothing wrong with S15, but if you 
cut S16 and try to read memory locations 
&FCO0 — &FCFF you will find that instead of 
looking at the I/O page you are looking at a 
normally inaccessible part of the MOS 
ROM! 

The reason for this is that pages &FC, 
&FD and &FE are actually within the 
memory address range of the operating 
system ROM and therefore when any of 
these addresses is accessed, the MOS 
ROM must be disabled. However, facility 
was provided by links S14 and S17 to re- 
enable the MIS ROM for pages &FC and 
&FD so that, during the development 
stages of the machine, the extra memory 
could be used as part of the operating 
system. Unfortunately due to a layout error 
on the pcb, breaking link S16 also discon- 
nects the skip enable line from the gate 
which disables the MOS ROM so that the 
ROM is re-enabled. (As a matter of interest, 
what you would see is the beginning of a 
list of names which has been hidden, for 
posterity, in the three inaccessible pages 
of the MOS ROM. They are actually the 
names of some of the people involved in 
designing the BBC microcomputer!) 

There is, however, no real difficulty in 
getting round this problem and changing 
the speed to 2 MHz. All you have to dois to 
break the track in between the North pad of 
$16 and pin 2 of IC23. This in fact, is not the 
inconvenience it might sound since, 
although S15 is made by a track on the 
upper side of the PCB, S16 is made by a 


perhaps be put onto a double pole switch 
which could be mounted on the back of the 
computer. 


Speeding up the VIA 


Although the facility is not actually pro- 
vided on the pcb, it is also possible to 
increase the access speed of the external 
VIA to 2 MHz. This would mean replacing 
the 6522 (IC69) with a 6522A to ensure that 
it was capable of running at the full speed. 
Although some of the ordinary 1 MHz 
6522's will still keep going at 2 MHz, if you 
are doing anything where loss of data 
would be serious, it is better to pay out for 


LISTING 2. To test whether any given address 
location is heing accessed at 1MHz to 2MHz. 
To repeat the test on the same address, just 


a 6522A. 

To implement this change, all you have 
to do is to break the track that crosses from 
pin 11 of 1C23 and goes through in 
between pins 4 and 5 of IC24 and connects 
to pin 12 of that IC. 

This increases the access speed, but the 
clock speed also needs to be increased. 
On the pcbs of issues 4 or 7 this is very 
simple because the 2 MHz line has been 
brought onto one of the chip select lines of 
the VIA (CS1 — pin 24) which happens to be 
immediately next to the clock line (pin 25). 
Thus, all you need to do is to bend out pin 
25 of the 6522A so that when you insert it 
into the IC socket, this pin does not go into 
the socket where it would normally pick up 
the 1 MHz signal. Then, to link it to the 2 
MHz line, a simple solder bridge between 
the shoulders of the two pins just next to 
the body of the chip is a crude but effective 
method! 

On the pcbs of issue 3 or earlier, the CS1 
line of the 6522 was tied up to +5V rather 
than having the 2 MHz signal applied to it. 
In this case you will have to bend out pin 25 
of the VIA as before, but pick up the 2 MHz 
signal from pin 1 or pin 12 of IC25 (just 
north of 1C23), This can be done with a few 
centimetres of insulated wire soldered 
onto the shoulder of say pin 1 of IC23 and 
pin 25 of IC69. 

Having made this modification or the 
one for speeding up the 1 MHz bus, you 
can use Listing 2 to check whether the 
access speed has in fact increased to 2 
MHz. 

Having looked this month at this 
technique of dual speed processing which 
the BBC micro uses, and seen how to 
speed up both the 1 MHz bus and the 
external VIA to 2 MHz, we will turn our 
attention next month to the software 
techniques necessary to make the most of 
this improvement in interfacing speed. tn 
particular we will see how to generate high 
speed waveforms using an external digital 
to analogue converter. 

Paul Beverley is the author of the Service 
Manual! for the BBC microcomputer which 
will be on sale shortly. 
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ZOREM VERS 2.9 
e 3OPEM (C) 1384 WOODLEIGH SOFT 
etton e Gin ow 4OREM By Ivan het ton and Tan Walker 

Fens ay Needs BASIC Zz 

t e goorb=treco pREM aut cerecti on reap ster: of ger port 

= a 
0 set up a numeric BocesutenkFe a Un “SabatEr” OF Meer par 
k d th BBC OOIRQI=&204 :REM primary interrupt vector 


Otablel=&70:REM pointer (2 bytes) to keypress code table 
e 
Micro —a 


Spgtest7a REM pointer (2 bytes) to key ASCII code table 


addition to anyone’s 
machine. 


SOPROC* it les age 
7OPROC e_ 
BOONERROR REPORT: +z=INKEY(200) 
SOPROCsave_code 
OONERROR OFF 
END 
One of the few features which the BBC 
micro lacks is a numeric data mode. This 
can make the entry of mathematical or 
financial data tedious. But for under ten 
pounds, you can attach a keypad to the 
user port, and the keys can be pro- 
grammed to produce any ASCII code from 
1 to 255. 


Which keypad? 


- 


ho 


bipstet 


Nein cLaecaptaaleiemariaeeniond 
Who: 
900 


Z40neF PROCtitle_page 
60FORZ=0TO 


INNS 
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particilar ASC 
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a matrix. Using a matrix-wired keypad S135 8 nt The To “tales Sects are Nk ned to produce a particula 


allows direct connection to the user port 
without the need for additional circuitry. 
For this project a BT type 12-key pad 
arranged in a 4X3 matrix was chosen (see 
Figure 1) but a 16-key 4x4 matrix could 


C1 

38 SPRINTTAR(O, 215 9Bree {SPACEBAR> to continue. " 
| o 

S7O0NT oePO 13 ee 
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ST OpEFPROCtype_of_use 
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ST a Bane THEN’ PROCdefault ELSE IF N2Z=2 PROCdefine ELSE PROCexit 
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ROWS (R) 820datazs=FNread 
SOENDPROC 


SOREM Default vel ress cod 
BSQDATARSE, » 23D, &3B, AESES ree. &SB, ROE, ESD, &6B,&746,k75, &73,0 


SS80REM Defautt ASCI 
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PINS 1 8 ages 
Figure i. Keypad layout. 1S1SDEFPROCas semble 
easily be used instead. Most keypads Lasneee page" FG 1 
would need to be mounted in a suitable bseieiat eget 
box. 


Hardware 


In a matrix keypad, pressing a key con- 
nects a column pin. with a row pin (see 


vectors do not already pointto keypad code 


Leet, MOD 256) 
change_vector1 
IRQ1~ +} 

f(keys DIV 256) 
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Figure 2. Internal switch connections. 
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Figure 2). For example, pressing key 5 
connects C2 with R2; pressing key 9 con- 
nects C3 with R3, and so on. 

The 4x3 matrix gives 7 switch pins; pin 8 
is a ground shield, unconnected to any of 
the switches. The switch pins 1-7 are con- 
nected via a 15-way ribbon cable to PB 
pins 0-6 on the user port; PB7 is tied to 0 
volts together with keypad pin 8. The 
unused 0 volt lines are not connected (see 
Figure 3). The standard IDC header plug 
for the user port takes 20-way ribbon 
cable, so the 15-way cable must be placed 
at the left hand side so that keypad pin 1 is 
connected to user port pin 20. For a 16-key 
pad all PB lines would be used. 


Decoding the keypad 


The user port is set up so that the pins con- 
nected to the columns are outputs and the 
pins connected to the rows are inputs. 
Thus the output pins can be connected to 

the input pins by pressing the keys. For ing’ 

example, if pin C1 is written low (logic 0) S5OBEG end. Send of table marker 
then keys 1, 4, 7," are able to pull pins R1, if all 

R2, R3, R4 low respectively. By reading the 
port we can see which, if any, of these pins 2 pal (table2?, Y \ read ASCIT value for that key 
has been pulled low, ie which of these keys RTS et 
has been pressed. Similarly, by writing to ZO70ERUS datats \ keypress codes 
the other two output pins in turn other key Zo eo Gus: datsze \ ASCE! coups 
presses can be detected. This combina- 
tion of outputs and inputs produces a 
unique key number for each key (see Table 
1). 


Figure 3. Wiring diagram. eas a wee Ghieiehl DO NOT ENTER LISTING UNTIL 
rgb Y00 vours YOU HAVE READ THIS 


The following changes should be made to the 
listing printed above: 
USER PORT CONNECTOR 7-29 ARE NEATLY TRIMMED acer line 170 
at aera Amend line 1040 P% = load % 
Insert line 1045 O% = code % 
Amend line 1050 [OPT 4 
Amend line 2110 length % = 0% — code % 
Delete line 3170 
Amend line 3190 PRINT TAB (21,7) STRING$ (15, “ "} 
Amend line 3200 INPUT TAB (0,7) “Enter load address 
& “load $ 
Insert line 3225 PROCassemble 
Amend line 3240 PRINT TAB (16,10) STRINGS (15," ") 
Amend line 3250 INPUT TAB (0, 10} “Enter file name 
“filenames 
Note: This program requires Basic 2, but could be 
modified to run under Basic 1. 
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PROJECT 


TABLE 1. Hex values for individual key 


x 
m 
< 


The software provided scans the keypad 
by writing the key numbers in turn to the 
user port and immediately reads back the 
value on the port. This value is the same as 
the key number if that key is pressed. 

It is possible to expand the keypad 
beyond 12 keys by using one or more of the 
keys as a shift key. Unique key numbers 
are only produced when a shift key is used 
with other keys in the same column (see 
Table 2). The key defined as “shift” cannot 
now be used on its own. 


TABLE 2. Hex values for two keys held 
together. 


The software is in two parts — the Basic 
program (Listing 1) and the machine code 
which it generates. 

The Basic program allows the user to 
choose the configuration of the pad and 
the ASCII codes produced by each key. 
Default values are provided. The program 
would only need slight modification if a 16 
key pad were being used. 

The machine code which is_ sub- 
sequently assembled can be saved and 
used on its own. A suitable place for the 
code in a disc-based system is the cas- 
sette/RS423 input buffer (2A00-&AFF). On 
system timer interrupt the keypad is scan- 
ned. If a key is pressed its ASCII code is 
obtained from a look-up table and put in 
the keyboard buffer. 


Interesting features 


Because each key on the keypad can be 
programmed to generate any ASCII code 
except zero, each can be made to behave 
exactly like a function key (eg to hold 
strings). If the break key (KEY10) holds a 
string, mimicking it on the keypad pro- 
duces the string but not break. 


Parts List 


User port connector; 400mm _ 15-way 
(minimum) ribbon cable; Matrix keypad. 
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FEATURE 


There is little doubt that the com- 
puter communications revolution in 
Britain is coming to the boil. A 
number of factors have contributed 
to this: a slight liberalisation of 
British Telecom's policy toward 
connection of equipment to the tele- 
phone system; cheap _ (legal!) 
modems becoming readily available 
and the computer games market 
approaching saturation point. 

Over the last year, | have used 
many ‘online’ systems, from Bulletin 
Boards in Britain to the huge inform- 
ation systems in the USA. In this 
regular column | will be reviewing 
most of the systems which are 
accessible over the telephone line, 
as well as giving hints, advice and 
news for those people who are 
already, or who would like to 
become involved with computer 
communications. 

Over the last year, Bulletin Board 
Systems have become very popular 
amongst the computer communica- 
tions fraternity. 


One upon a time in 
America 


Bulletin Boards originally started in 
America (what didn't?). A computer 
society at an American university 
wanted a more efficient method of 
distributing messages between its 
members. Up until then they had 
used the simple, but unreliable, 
method of posting messages on a 
particular noticeboard in the Univer- 
sity foyer. The society developed a 
program to run on the University 
mainframe computer, which dis- 
played messages and notices, on 
demand, to any of its members. The 
relatively unsophisticated program 
which resulted, was called ‘The 
Electronic Bulletin Board’. 

Since then, Bulletin Board 
Systems (BBS) have been further 
developed on microcomputers 
enabling people to run them from 
their homes. There are now over 
seven thousand Bulletin Boards in 
America, and about twenty here in 
Britain. 


, 


7 
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Why are they so popular? To ans- 
wer that, a fuller description of a 
BBS is required. 

A BBS is a free messaging 
system. The only requirement for 
membership of a BBS is that you 
have the right equipment to be able 
to access it (Computer, modem and 
software). Connection is then 
simply a matter of dialling the 
number of the particular BBS you 
are interested in (a list is given at the 
end of this article) and following the 
instructions as displayed on your 
screen. 

Users may leave messages to 
each other in various sections of the 


Benedict Knox 
starts his new 
monthly 
communica- 
tions column 
with a look at 
the Bulletin 
Board 
phenomena 


BBS. If it is a private message, then 
it should be left in the ‘Electronic 
Mail’ section, where no-one other 
than the person named as recipient 
and the operator of the system 
(often called the ‘Sysop’, from 
System operator) can read it. 

Most BBSs allow users to select 
specialised subject areas under 
which to send and receive mes- 
sages. These ‘Special Interest 
Groups’ (SIGs) are set up by the 


with different makes of machine 
and/or other computing or non- 
computing interests: BBC, Sinclair, 
CP/M, communications, Sales and 
Wanted ads. 

If you want to leave more general 
messages, or messages on sub- 
jects not covered by any of the SiGs, 
there is an ‘Open’ or ‘General’ sec- 
tion. 


Operating systems 


The messaging facilities described 
above are common to most BBSs. 
Which additional features are avail- 
able will depend upon which system 
the BBS is running under. Three 
systems have become particularly 
popular in Britain: TBBS, CBBS and 
Forum 80. 

TBBS, standing for The Bread 
Board System, is the easiest to use 
of the three, having extensive help 
facilities for new users, the level of 
which may be set by the user. Based 
upon menus, each option in a par- 
ticular menu may be displayed with 
a full explanation, a single word, a 
single letter, or not displayed at all. 
To access an option, you need only 
type one of the letters which are 
Clearly highlighted on your screen. 


“Look out for the 
new multi-user 
bulletin board 
systems”. 


TBBS is named after the special 
type of circuit-board used by elec- 
tronics enthusiasts (Bread Board), 
on which it is possible to set-up new 
circuits quickly and easily. The 
parallel is that on a TBBS system, 
extra SIGs and other sections, or 


BULLETIN BOARD SERVICES 


Notes 
{check times before 

Name Number calling) 

BABBS (0742)667983 Times: 24hrs. British Apple 
System User Group 

BBCBBS (01) 579 2200... Times: 24hrs. BBC ‘Micro 
Live’ 

CABB (01}631 3076. Times: 24hrs. Computer 
Answers magazine. 300 & 
1200/75 baud. 

CBBS London (01)3992136 Times: Sun 1700-2200 

CBBS Surrey (04862) 25174 Times: 24hrs 

CBBS SW (0626) 890014 Times: 24hrs 

City BBS (01)6064194 Times: 24hrs 1200/75 
Weds 

Distel (01)6791888 Times:24hrs Gommercia! 
(free) BBS run by Display 
Electronics 

Estelle (0279) 443511 Times: Office 
hours only. STC customers 
BBS 

Forum-80 Hull (0482) 859169 Times: Mon-Fri 1700-2330; 


1200-2330 weekends 


; : !f you have any information on anew 
Sysop and will — particularly on a |aes or anything else which would 
new BBS — reflect his interests. |interest other readers, please drop 
Once the BBS has a larger base of me a line, either at E&CM, or use 
regular users, then other SIGs are | Flectronic Mail on TBBS London. 
usually set up to cater for people ae | 
Forum-80 London (01)9022546 Times: 1900-2200 wkdays; | 
1200-2200 wkends. Ring 
and ask for Forum-80 
Hamnet (0482) 497150 — Times: 1800-0800. Radio 
Ham BBS. 
Liverpool Mailbox (051) 4288924 Times: 24hrs. 
Mailbox-80 W. Midlands -. (0384)635336.. Times: 1800-0800. 
Ring back 
Manchester BBS (061) 4273711.. Times: Sun-Thu 2230-0000; 
Fri 2330-0200; 
Sat 2230-0200 
Mapte! (0702) 552941... Times: 24hrs Maplin BBS. 
Tele-ordering & stock levels 
Microweb (061) 4564157 Times: 24hrs Micro User 
magazine 
NBBBS (0827)288810 Times: 24hrs Ring back 
Southern BBS (0243)511077 Times: 2000-0200 
Ring back 
Stoke ITec {0782) 265078: -. Times: 24hrs 
Remote CP/M 
TBBS Blandford (0258) 54494 <° Times: 24hrs 
TBBS London (01)3489400: Times 24hrs 
TBBS Nottingham (0602) 289783 Times: 24hrs Multi speed: 


TBBS Southampton 


(0703) 437200 


300/300, 1200/75 baud 
Times: 24hrs 


| 
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‘Boards’, may be set-up with the 
minimum of effort. 

Compared to TBBS, CBBS (CP/M 
Bulletin Board System) and Forum 
80 are distinctly unwieldy. In fact 
many commercial, supposedly 
user-friendly systems could learn a 
few things from TBBS. 

CBBS and Forum 80 are very 
similar and also use the menu 
system, but appear to presume that 
most users are familiar with the 
systems, only giving command exp- 
lanations when specifically asked 
for and then reversing through all 
the help levels described above: 
first a single letter ‘aide-memoire’, 
then a single word and finally the full 
explanation. 


The AFPAS 


To ensure that people may use the 
different systems with the greatest 
ease, the Association of Free Public 
Access Systems (AFPAS) was set- 
up. The main aim of AFPAS is to pro- 
mote the standardisation of pro- 
tocols among BBS’, To this end, the 
members have settled upon a ‘word 
format’ of: 7 bit word length, 1 stop 
bit, Even parity, or, in some cir- 
cumstances, 8 bit word length, 1 
stop bit, No parity. Additionally, the 
protocol to be used for error free file 
transferance, to exchange software, 


jis the ‘Christensen’, XModem, 


CP/M, or Modem? protocol (same 


<* 


spataprbeabe: ; 


hold a blacklist of people who have 
for any reason, such as use of bad 
language, been banned from any of 
one its member BBSs. All other 
member Sysops have agreed to fol- 
low such bans on their own 
systems. 

In the future we shall probably see 
more specialised BBSs appearing, 
as has happened in the USA. 
Another development to look out for 
is multi-user BBS, allowing more 
than one person access to the 
system at any one time. This, 
together with an increase in the 
number of BBSs will ensure that 
systems will no longer be engaged 
almost all day and night. 


Guidelines for BBS use 


1. Do not use false names or 
addresses. 


2. always go through the logging 
off procedure when you want to 
leave a BBS, Do not just hang up. 


3. Check operation times of a BBS 
before calling. 


4. If a voice answers, do not hang 
up. The BBS may be off-line for 
some reason, or you may have the 
wrong number. 


5. If a BBS uses a ‘ring-back’ 
system, use the following proce- 
dure: dial the BBS number, allow it 
to ring once or twice, hang up, call 
back again — the computer should 
answer this time. 


protocol, different names). 
| Another function of AFPAS is to 


A Hardware Guide For The 
BBC Microcomputer. 


"A 260 A4 PAGE BOOK WHICH INCLUDES:- 


* Full of circuits, hints, tips and modifications 
(many previously unpublished). 
* Full manufacturers data sheets on all major 
IC’s including:- 


* Comprehensive circuit description. 
* Full step-by-step details on upgrading Model 
‘A’ to Model ‘B’. 
* Full details on fitting disc and speech 
expansions. R6522, 8271, 6502, MC6845, MC6850, 
* Full explanation of all link settings and SN6489AN, UPD7002, SAA5050, HM4816, 


functions. 2764, 27128, 7400 series pin-outs. 
ALL DEALER ENQUIRIES WELCOME 


A MUST FOR BOTH ENTHUSIAST AND ADVANCED USER ALIKE 
To order send cheque/PO for £11.95 plus £1.50 p&p (UK only) 
(Overseas readers — printed paper rate surface mail — £3.00 p&p — air mail extra). 


ORDER FORM 
Please send copies of “A Hardware Guide for The BBC Microcomputer” 


At £11.95 each plus £1.50 p&p (UK). | enclose cheque/ postal order for £ 


All orders and enquiries to 


WISE-OWL, 


Hull Innovation Centre, Guildhall Road, Queens Gardens, Hull HU1 1HJ. 
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Multitasking 
made easy 


Adam Denning says there’s nothing to QL multitasking — he 
explains in his crash course on getting the most out of the QL. 


Multi-tasking on the QL is easy. There 
really is nothing to it. All the rumours about 
how difficult it is to write programs which 
will run concurrently with others are pure 
fabrication. Oh sure, you have to be able to 
program in 68008 machine code, but let's 
face it if you’re reading this magazine then 
it’s a fair bet that you’re half way there 
already. 

Each multi-tasking program is referred 
to as a job by QDOS, and each is simply a 
self-contained program. Each job has its 
own record of all its registers, so whenever 
the system switches the processing from 
one job to another all it has to do is save the 
registers in a pre-defined place, load the 
registers of the next job, and away it goes. 

Each job runs for the most part in the 
68008’s User mode, so that the task of pro- 


LISTING 1. The header file — header ASM. 


cessing each job can be looked after by the 
scheduler, which runs in Supervisor mode. 
If at any time a job wanted to go into Super- 
visor mode then it is fully able to do so, but 
the act of entering this mode immediately 
makes the current job the only task running 
until the system reverts to user mode. 


The SuperBasic interpreter is itself a job, | 


but is a little special in that it can alter the 
amount of room it takes up dynamically, 
while other jobs are required to declare 
their RAM requirements before they are 
activated. The SuperBasic interpreter is 


“Oh sure, you have to be 
able to program in 68008 
machine code”. 
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known as job 0, as it has a job number of 0 
and a tag of zero. Don't worry, these words 
will be explained very soon. 

Each job has a priority, which is a 
number between 0 and 127 which deter- 
mines how often the job will be executed in 
a given period of time. QDOS multi-tasks 
by allocating each active job a slice of the 
processor’s time, and it decides how often 
to give a job a time slice from that job’s 
priority. lf the priority is zero then the job 
will never be executed, it is said to be in- 
active. Other levels of priority mean that job 
is active and will therefore be given proces- 
sor time in due course. 

However a job can be active but in a 
state of suspension, either because of 
some deliberate act or because it is waiting 
for some action to finish. It may for 
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instance be waiting for another, subsidiary 
job to terminate, or it may want to read the 
keyboard but is unable to because another 
job is doing so, 

In the November issue of E&CM | 
explained that most of the calls to the 
QDOS operating system are made by 
| using one of five 68008 trap instructions: 
TRAP #0 to TRAP #4. Each of the indi- 
vidual traps is delegated a certain group of 
tasks, and in the case of traps with more 
than one function to provide (TRAPs #1, 
#2 and #8) the actual function is deter- 
mined by the value of register DO on entry 
to the trap. A trap is just a 68000 instruction 
which switches the processor to an excep- 
tion handling routine, which is essentially 
similar to the software interrupt found on 
smaller processors like the 6502 and 6809. 
It also invokes supervisor mode, so any- 
thing that is trap invoked is likely to be exe- 
cuted within that job’s current time slice. In 


LISTING 2. Printer spooler routine. 
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certain cases this is guaranteed and is then 
described as an atomic action. 

TRAP #1 is used by QDOS for all its 
manager routines, such as_ allocating 
memory to jobs, creating jobs, talking to 
the 8049 co-processor and so on. TRAP 
#2 is used to allocate RAM for I/O (in other 
words it looks after channel open and 
close) and TRAP #3 looks after other I/O 
operations such as the actual transfer of 
data, the screen drivers and the file 
system. 

Ajob is normally held in a file, and would 
be executed from SuperBasic using either 
the EXEC or EXEC_W commands. The 
former loads and activates the job and then 
returns to the Basic interpreter, whilst the 
latter loads and executes the job but sus- 
pends the SuperBasic interpreter pending 


‘completion of the thus loaded job. Let’s 


look at EXEC and EXEC_W in more detail, 
so that we can get a little more insight into 


QDOS and job control. 


Open given filename for reading 

Load the file’s header into RAM 

Read its length and the length of its data 
area 

. Create a job with these specifications 

Load the file into the space allocated 

Close the file 

Activate the job with priority 32, and a 
timeout of 0 if the command was 
EXEC or —1 if the command was 
EXEC_W 


That't the basic outline of how these two 
SuperBasic commands are implemented. 
Now let’s examine each stage in greater 
detail. Remember that both these 
keywords are passed a filename as their 
parameter. We'll call this file job file. Having 
invoked the procedure it first checks to see 
if it has the correct number of parameters 
and whether they (or rather, it) is in the cor- 
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rect format. 

It then uses trap #2 to open the file. The 
actual function performed is IO_OPEN, 
which involves DO holding the code for IO 
OPEN (1), D1 holding the ID of the job for 
which the file is being opened (the Super- 
Basic interpreter — job 0 —in this case), D3 
holding the code under which the file will 
be opened (probably 1 for shared read 
only) and AO pointing to the filename. The 
trap is then executed and the channel is 
opened. Or not. If there was some error, 
such as the file not being found or not 
enough memory, the DO is returned hold- 
ing some value other than 0. This applies to 
all QDOS traps, DO being equal to zero is 
the only indication of success. Any other 
values of DO are actual error codes, which 
would normally be passed back to Basic 
and reported. 

Assuming success, all other registers 
except AO are returned unharmed, but AO 
holds what is known as the channel ID. 


LISTING 2 — Continue 


This, like the job ID is a long word (four 
bytes), and is of fundamental importance. 
To communicate with a channel you must 
have its ID. Note that there is no direct con- 
nection between the #channel numbers 
used in Basic and the ID returned by |O_ 
OPEN. 

Having successfully opened our file we 
must now read its header into RAM. A 
header is in this case 14 bytes long 
(assuming a microdrive file) and is laid out 
as shown: 


long word file length 

byte access (unused) 

byte type (0 for all except SEXECd 
files, when it is 1) 

long word data space length for SEXECd 
files or zero for normal files 

fourbytes currently unused 


All EXEC / EXEC_W needs to do is check 
whether or not the file type byte is 1 and if it is 
read the file length into register D2 and the 
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data space length into D3. The header would 
be read into RAM with the FS_HEADR trap, | : 
which is trap #3 with DO = #47. This requires 
D2.W to hold the buffer length (minimally 14; 
but 15 for safety), D3.W to hold the timeout 
(see below), AO to hold the channel ID and A1 
to point to the address of the buffer into which. 
the header will be read. Assuming no errors 
the file length and data lengths can then be 
read with two simple MOVE.L instructions, 
and away we go. 

The next trick is to create the job. The man- 
ager trap MT_CJOB does this, and it is 
invoked by loading DO with 1 and doing a trap 
#1. It requires D1 to hold the ID of the job ' 
which will own the new job, and as this is 
going to be the SuperBasic interpreter this 
would normally be zero. D2 and D3 hold the 
code length and data lengths respectively and 
A1 holds an absolute starting address or zero. 
This would normally be zero as we don't want 
to rely on absolute addresses in a 68000 
system. Putting 0 in A1 makes QDOS allocate 
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LISTING 2 - Continued 


an area for the job, and this will be its starting 
address. The trap retums with the ID of the 
new job in D1 and the base address of the 
area allocated in AO. 

Now we need to load the code of the job 
from job_file into the area allocated. We use 
another trap #3 routine here, FS_LOAD. This 
is DO = $48, with D2 containing the length of 
the file, D3 containing the timeout, AO holding 
the channel ID and A1 holding the address to 
which the file will be loaded. 

We now call |O_CLOSE (trap #2, DO = 2) to 
close the file whose channel ID is in AO when 
we make the trap, and all we need to do now 
is activate the job. This is done with another 
trap #1 routine, MT_ACTIV (D0 = $A), which 
requires the ID of the job to be activated in D1, 
the priority with which it is to be activated in 
D1, the priority with which it is to be activated 
in D2 and the timeout in D3. Here the timeout 
is zero if the. command invoking all this was 
EXEC, or —1 if we used EXEC_W. 

That's it, really, but there's little point in us 
writing a program to do all this when all we 
need to do is type EXEC filename, is there? 
Instead we're going to explain job ID2, chan- 
nel IDs and timeouts a little more and then 
write a program which will multi-task. 


IDs and timeouts 


To recap, whenever a channel is opened or 
job created, QDOS returns a number which 
uniquely identifies that job or channel to the 
system. This is of course its ID, which in both 
cases is a long word of data. This long word 
can be further split up into two words, the first 
of which bears a relationship to the number of 
channels opened or jobs created since the 
machine was last reset, and the lower word of 
which has something to do with the actual 
number of jobs or channels currently present. 
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The SuperBasic interpreter has an ID of 
zero, and we can never change this — we can’t 
remove the interpreter from the job list and 
then recreate it later to give it another job ID. 
The next job to be created will be the given the 
ID $00000001, which corresponds to a job 
number of 1 and a ‘tag’ of zero. if we created 
another job we would find that its ID is 
$00010002, which means that it is job number 
two with a tag of 1. If we then killed our first job 
and loaded in another, this last job would be 
given a job ID of $00020001, as the tag still 
rises but the job number is allocated accord- 
ing to the number of jobs in the machine at the 
moment. 

Later on we'll find that it is often useful to 
talk of a job in terms of its job number and its 
tag, as these two numbers individually are a lot 
easier to remember than the entire long word 
ID — especially if we choose to represent it in 
the rather more natural decimal. 

An awful lot of the QDOS routines require a 
timeout. This is simply a measure of the time 
that the processor will spend doing the job of 
the particular trap before it returns to the cal- 
ling program with failure or partial success. If 
the timeout is zero then the routine will, in most 
cases, try to do what it can. For example if we 
called a trap to collect bytes from a channel 
with zero timeout then it would collect as 
many bytes as there are to get. If we called the 
routine with infinite timeout (je -1) then the trap 
would not retum until it has either finished 
completely or had an error condition. The only 
real exception to this is MT_ACTIV, which has 
only two valid timeout values — 0 and -1. A 
timeout of zero in this case activates a job and 
resumes, while a timeout of —1 activates a job 
and waits for it to finish. The upshot of this is 
that the two most common timeouts that we 
are likely to use are 0 and —1. Naturally most of 
the routines which accept timeouts become 
non-atomic if the timeout is not zero. 


Now for our program. This is a very simple 
printer spooler routine which allows you: to 
print a document (or indeed copy a file to any 
other device or file) while other operations 


“The routine allows you 
to print a document as a 
background or foregrou 

task”. 


such as a Basic program are going on. By set- 
ting the priority of this job to 1 we ensure that 
it is the most background of background 
tasks and is therefore unable to alter the 
speed of the SuperBasic interpreter very 
much. If on the other hand we wanted the print 
to continue as the foreground task whilst 
Basic or whatever proceeded as something 
less important, all we need to do is change the 
priority to some other value. Remember that 
until we do something about it the SuperBasic 
interpreter and all jobs activated by it have a 
priority of 32. 

For the purposes of this article we must 
assume that you have an assembler, and in 
fact if you have the Metacomco assembler 
then you will not need to change any of the 
source. Other assemblers follow slightly 
different conventions, particularly in the area 
of assembler directives, so check your 
assembler documentation carefully. 

The file mdvi_header_asm (Listing 1) is 
first included in the assembly. This file just 
consists of all the QDOS declarations, keys 
and equates which we use later on. We then 
declare the data size of the program as being 
150 bytes. If your assembler doesn't have a 
directive like this, the best thing to dois to load 
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the assembled code into a safe area of RAM 
and then resave it using SEXEC. 

The program itself starts at the BUF_LEN 
declaration. The symbol BUF_LEN is 100 and 
the symbol HEAP_ROOM is 4096; we'll be 
using these a little later. The first instruction in 
the program is a BRA which jumps over a few 
bytes which declare the job as being in 
standard QDOS format (ie the word starting at 
the 6th byte is $4AFB and this is followed by 
the job name). 

The main code starts at START_P. The 
MT_PRIOR trap is used to set the priority of 
the current job (indicated by a job ID of —1) to 
1. We then use one of the thoroughly useful 
utility routines to open a console device. The 
various parameters of the window of this 
device are declared in a parameter block 
further down in memory called PBLOCK. UT_ 
CON calls IOLOPEN and returns the ID of the 
newly opened channel in AO. If there was an 
error then DO is non-zero, so we test for this. 
Assuming everything is OK we then print a 
message on our console which says ‘Print 
file: ’. This is a message to the user telling him 
to type in the name of the file which he wishes 
to print. To collect the filename we use the lO_ 
FLINE trap, which is very useful as it allows the 
line to be edited before ENTER is pressed, in 
just the same way as in a line of Basic. The 
program’s data space starts at BUFFER, to 
collect the filename. 


“At any one time I’ve had 
up to 61 jobs running ona 
machine simultaneously”. 


When IO_FLINE retums D1 contains the 
number of characters collected, including the 
line feed which terminated the input. We're 
going to use the filename in a call to IOLOPEN, 
so we first have to get the string into QDOS 
format. A QDOS string is a string of characters 
preceded by a word containing the character 
count; a word is reserved at BUF_POS where 
we can put the string length. The first thing to 
do is decrease the length of the string by 1, as 
we don’t want to send the line feed to 
IO_OPEN. We now store this string length in 
BUF_POS and call |O_OPEN to open the file. 
Notice that D3 contains the code for open or 
shared read, so that other programs can 
examine (but not write to} the file at the same 
time as this one. 

If all succeeds here then save all the chan- 
nel IDs on the stack and print another mes- 
sage, ‘Printer device: ’. This is a prompt for the 


channel on which we have the printer. We |- 


could enter seric, as | do for my Epson, or 
mdv1_dump to save the text to a file called 
mdv1_dump, Any valid QL device which sup- 
ports output can be entered in response to 
this prompt. We again use IO_FLINE to read in 
the new string, taking the same precautions as 
before. Once a valid filename is obtained it is 
opened for exclusive output and the console 
closed as it is no longer needed. 

The next bit is rather flash. The area 
between the system variables and the trans- 
ient program area is Called the common heap 
space, and is available for use by any job that 


needs space. So we ask for 4096 bytes of it. If 
we don’t get it, we divide the amount we're 
asking for by 2 until eventually we either get 
enough room or discover that there is abso- 
lutely none available. In the latter instance we 
just kill the job and return to Basic. If we can 
get the room then we enter a loop in which 
data is read from the input file using IO_ 
FSTRG and sent to the output file using IO 
SSTRG. IO_FSTRG is very similar to |O_ 
FLINE except that we tell it how many bytes 
we want to collect, and a line feed is not taken 
as a terminator. |O_SSTRG is exactly its con- 
verse — it sends a predetermined number of 
bytes to a channel. When IO_FSTRG has 
reached the end of the input file, it retums End 
Of File, but nothing is done about that until 
AFTER the IO_LSSTRG call as there may be 
some residual bytes to send. 

When all is well and the end of file has been 
reached, we close our two files and kill the job. 
Killing a job requires a call to MT_.FRJOB 
(‘force release job’), which removes the 
specified job and any subsidiaries from the job 
table, making the space which they occupy 
available to other jobs. The act of killing a job 


active cursors on the screen, press CTRL-C. 
This will circulate around all the jobs awaiting, 
keyboard input, but as you're only likely to 
have SuperBasic and this job resident when 
you first try it out, you only need one press of, 
CTRL-C to switch between the two jobs. 

Further issues of E&CM will contain many 
examples of multi-tasking QL programs, but 
remember the cardinal rule — ANY program 
which is self contained and does not require to 
do anything naughty, such as clearing the 
whole of RAM, will multi-task. It really is that 
simple. 

Important things to remember are that 
when a job is first activated registers A4, A5 
and A6 are set up to particularly useful values. 
A6 holds the address of the start of the job, 
{A6,A4.L) points to the start of the data area 
and (A6,A5.L) points to the end of the data 
area — that is, the end of the job. Also, 
remember that each job has its stack at the 
top of its data area — and this grows down- 
wards! . 

When there are a large number of jobs run- 
ning ina machine at any one time (and I've had 
61 so far!), it would be useful to be able to have 


“Any program which is self contained and does not 
require anything naughty, such as clearing the whole 
of RAM, will multitask”. 


also releases any common heap space which 
it might have owned. 

When this program has been assembled 
and saved to drive, possibly with the filename 
print_exec, it can be loaded and run at any 
time simply by typing EXEC mdv1_print_exec 
and pressing ENTER. To switch between 
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some degree of control over them from Basic. 
I've just written five procedures and one func- 
tion to do just this, and they'll all appear in the 
next issue of E&CM. 


©1984 Adam Denning 
DECEMBER 1984 


change in the 
visible spectrum 


Sinclair has given the Spectrum a facelift, but Gary Evans is 
disappointed to find that nothing inside the box has changed. 


In a surprise, unSinclair-like move, an 
upgraded version of the Spectrum com- 
puter slipped onto the market in mid- 
October. The new machine, designated 
the Spectrum-+, is hardware and software 
compatible with the ‘old’ computer, the 
major differences between the two models 
lying in the overall packaging of the pro- 
duct. At first sight the Spectrum+ looks 
like a stripped down QL and indeezd it is evi- 
dent that the new styling of the computer 
owes much to that of Sinclair's 68008- 
based superstar. Before getting down to a 
detailed assessment of the new ‘go faster’ 
Spectrum+ it would be as well to explain 
the statement at the start of this paragraph, 
namely that the new launch is a departure 
from the marketing approach that the com- 
pany have followed in the past. 

For the past three years Sinclair have 
launched computers that have been, each 
in their own right, quantum leaps in 
technology, the QL being the most recent 
of these. 1980 saw the launch of the ZX80 
which was quickly followed by the ZX81 a 
year later. These two machines between 
them can justly claim to have set the home 
computing bandwagon rolling as far as this 
country is concerned. 1982 saw the arrival 
of the Spectrum, the computer that 


brought colour to the low cost computer 
market and again represented a quantum 
leap in both price and technical innovation. 
Finally, while just failing to make an ’83 
launch the QL continued the established 
trend. With the launch of each successive 
computer Sinclair, while not abandoning 
the earlier machines, have made it quite 
clear that as far as they were concerned, 
time had moved on and they were concen- 
trating on researching new machines 
rather than refining existing models. With 
the launch of the Spectrum, the ZX81, a 
machine that had, and still has, plenty of 
life in it from a company point of view, was 
dead and buried. Now that pattern has 
changed and, although Sinclair now have a 
new glamour machine, they have decided 
to take another look at the Spectrum and to 
effectively relaunch the computer. 
Rumours that Sinclair were considering 
the launch of an upgraded Spectrum have 
been rife since the introduction of the 
Timex engineered version of the machine 
in the States. This computer had a number 
of attractive features, real keyboard, on- 
board sound chip, amemory management 
system that allowed for bank switching 
and built-in joystick ports. Although the 
Timex computer failed to make any impact 
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on the American market and has since 
been withdrawn, a few commentators 
thought that in the UK, Sinclair could make 
use of the R&D effort involved in the Ameri- 
can computer in order to market an 
upgraded machine in this country. Those 
expecting Sinclair to take this route may be 
a little disappointed with the plus. Apart 
from taking the opportunity to tidy up the 
keyboard and to provide niceties such as 
cursor control keys, the only changes 
made are to the box in which the computer 
is housed. 

In comes a QL style keyboard and 
indeed QL type case, the styling of which 
would suggest that a cut-down QL mould 
was used in its production, The case also 
incorporates a pair of feet that may be 
folded up in order to angle the keyboard to 
an ergonomically pleasing position. The 
attractions of this approach are that the 
Spectrum+ is completely compatible with 
all the vast range of hardware and software 
produced for the established computer. 


“,..aQL style keyboard”. 


The availability of an expansion pack com- 
prising microdrive, Interface 1 and bundled 
software at under £100 is another boost to 
the computer's market appeal. 

Having thus set the stage for the entry of 
the new computer, let’s look at how it per- 
forms and decide whether the changes 
warrant the extra £50 or so that they add to 
the cost of the computer. 


Something new 


From the above it will be evident that much 
of the material with which reviews of com- 
puters normally concern themselves 
would be out of place in this assessment of 
the ‘plus’. As far as the electronics and the 
firmware of the computer go, things are no 
different from the Spectrum that we all 
know and love. The powerful Sinclair 
Basic, the impressive graphics facilities 
and the not so impressive sound sections 
are all familiar. Even by today’s standards 
the Spectrum is a powerful machine and 
the fact that the plus offers the facilities of 
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the earlier version is not to say that it does 
not compete with some recent new models 
from other companies. The changes, as we 
have said above, concern the packaging. 
The QL-like keyboard is a vast improve- 
ment on the standard Spectrum, but will 
still not be to everyone’s liking. The QL has 
come in for a fair degree of adverse com- 
ment when it comes to the quality of its 
keyboard. Many of these comments were 
unjust and can be put down to reviewers 
finding difficulty in saying anything intelli- 
gent about a computer that packed so 
much in the way of technical subtlety. The 
keyboard is not that bad, and while not up 
to the quality of some designs, even touch 
typists can, after a little practice, feel at 
home with it. 

Apart from improving the action of the 
keyboard, Sinclair have taken the oppor- 
tunity to simplify some of the over complex 


key assignments of the Spectrum. The 
symbols :“., along with all four cursor con- 
trol keys are now available via a single key 
press. This also applies to a number of 
commonly used function keys. EDIT, 
DELETE, GRAPHICS and EXTENDed 
modes, CAPS LOCK, TRUE VIDEO and 
INV VIDEO all now have keys to them- 
selves. The provision of a space bar is also 
a major step towards making the keyboard 
easier to use, although, in typical Sinclair 
fashion, the space bar is only half the 
length one would expect it to be. 

Another welcome addition is the provi- 
sion of a break key mounted to the right of 
the keyboard. This initiates a cold start and 
while its action achieves the same result as 
removing the computer's power, the break 
key is a more elegant way of terminating 
the action of a errant program. These 
changes make the plus a far more 
keyboard-friendly computer than its pre- 
decessor. 
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Mostly old 


The changes to the design of the keyboard 
and case are as far as Sinclair have gone. 
The only {/O that the plus provides is the 
familiar Spectrum user port, in effect an 
unbuffered port making available the inter- 
nai data, address and control lines of the 
computer. It would have been nice to seea 
printer port, joystick port(s), perhaps a par- 
tially decoded user port, even an explicit 
RGB or composite video output (such sig- 
nals are available at the user port but a 
separate connector would have made 
them more accessible to the majority of 
users). Provision of some, even all, of these 
facilities would not have been a major cost 
and would have added greatly to the 
machine’s appeal and brought it into 
closer competition with some more mod- 


ern designs; the Amstrad CPC464 springs 
to mind. As it stands it is a little difficult to 
see where the extra £50 or so that the 
public are being asked to pay for the plus, 


is the spiral bound volume of black & white 
pages, in its place comes a colourful tome 
including many screen shots illustrating 
the output of the numerous example pro- 
grams. The manual was produced for 
Sinclair by Dorling Kindersley and adopts 
the style of the company’s excellent “Sc- 
reen Shot’ series of publications. The tuto- 
rial tape that accompanys the plus was 
produced by Goldstar, an off-shoot of DK 
and this too is an excellent introduction to 
the new computer. 

The familiar collection of software rep- 
resented by the Spectrum six-pack is also 
part of the plus package. This represents a 
good selection of software, most of it well 
written and good value although, with the 
best will in the world, the ‘make a chip’ 
package can only be described as a space 
filler in the six-pack packaging. 


Conclusion 


Will the new version of the Spectrum make 
any impression on the market? Well, the 
answer is likely to be yes but not that much. 
The souped-up version of the computer is 
without doubt an improvement on the 
basic machine but whether or not the 
improved performance is worth paying £50 
for will depend on the applications to which 
the computer is to be put. There is little 
point in games players paying extra money 
for the plus, most of them will want to use 
joysticks with the machine and will not see 
the improved keyboard as necessary. Only 
those users who foresee a need for enter- 
ing considerable amounts of text/data to 
the computer are likely to consider the 
plus. Such applications would include pro- 
gramming or text processing. Existing 
owners of Spectrums with this pattern of 
computer use will, in all probability, have 


) purchased add-on keyboards,at any rate 


the plus in not aimed at existing owners 
wishing to upgrade. The Spectrum+ must 
appeal to first time computer buyers of a 
more serious nature. To this group of 
people the lack of any significant I/O provi- 
sion could be a disadvantage. 

The major plus for the plus is that there is. 
already a vast software base for the 
Spectrum and the new machine is fully 
compatible with this. A very powerful argu- 
ment for anyone considering the purchase 


“The Sinclair plus is a marketing innovation — it is a 
pity that this time around there is no technical 
innovation to accompany it”. 


as opposed to the basic machine, has 
been spent. All the more difficult when the 
fact that much of the production engineer- 
ing costs involved in the new case must 
have been shared with the development of 
the QL’s casing. 


Screen shot 


The manual that accompanies the 
Spectrum+ is a dramatic departure from 
the user guide of the basic machine. Gone 


of a computer. 

On the whole the plus is a rather disap- 
pointing computer in terms of the very high 
standards Sinclair have themselves set 
over the years. There seem to have been 
many missed chances in rethinking the 
design of the computer. In the words of a 
Sinclair spokesman, “the Sinclair+ repre- 
sents a marketing innovation”. This is 
does, but it is a pity that this time around 
there is no technical innovation to accom- 
pany it. 
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PROJECT 


Amstrad A/D convertor 


Robert Penfold hangs a board on the 
Amstrad CPC464 to convert analogue 
signals to digital - —a vital ingredient for any 
<a aes or monitoring 


One of the most useful general purpose 
add-ons for any computer is an analogue 
to digital converter. This enables a com- 
puter to be used easily in practically any 
measurement or monitoring application, 
including such things as temperature, and 
moisture measurement. An interface of this 
type becomes even more useful if it also 
has one or more digital outputs, as applica- 
tions which involve control in addition to 
measurement then become possible. For 
example, instead of simply acting as, for 
example, a thermometer to monitor some- 
thing like a photographic solution or a 
greenhouse, with suitable hardware the 
system could be used as a temperature 
regulator. The software can be very simple, 
and is usually just of the IF... .THEN variety, 
with something like an output being set 
high if the returned value is below a certain 
level, or set lowif itis above a certain figure. 


This 8 bit analogue to digital converter 
for the Amstrad CPC464 computer has 8 
inputs, with an input voltage range of 0 to 
10 volts at each input. Additionally it has a 
nibble (4 bit) output that provides standard 
LS TTL latching outputs. With the aid of 
this unit the CPC464 should therefore be 
readily usable in the vast majority of mea- 
surement and control applications with a 
minimum of additional hardware. The con- 
verter is not a high speed type, with each 
channel being converted at 640us inter- 
vals, or about 1562 times per second in 
other words. This is not adequate enough 
for a few specialised applications such as 
audio digitising, but it is more than suffi- 
cient for most applications. It is certainly 
fast enough when using Basic, since con- 
versions are produced more rapidly than 
the time it takes even just a single channel 
to be read. 
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The unit connects to the “floppy disc” 
port of the computer, which is actually a 


general purpose expansion port that is j 


ideal for user add-ons. 


® 
System operation 
The block diagram which appears in 


Figure 1 shows the overall make-up of the 
unit. The 8 x 8 RAM, analogue to digital 


converter, 8 channel multiplexer, andcon- 9): 


trol circuit are all part of the 7581 inte- 
grated circuit which is used as the basis of 
the unit. 

Although the 7581 is a complex chip, the 
way in which it is utilised is reasonably 
straightforward. Each channel is automati- 
cally read in tum by the successive 
approximation analogue to digital conver- 
ter, and the returned values are stored in 
the 8 x 8 RAM (one 8 bit RAM for each 
channel). By reading the appropriate sec- 
tion of the RAM the latest reading for the 
required channel is obtained. This system 
is perhaps a little less versatile than some 


of the alternatives, but it is delightfully 


simple in that it avoids the need for any 
form of handshaking between the conver- 
ter and the computer. 

An external clock signal of around 1 to 
1.5MHz is needed to control the timing of 
the chip, and in this case a 1MHz clock sig- 
nal is obtained by dividing the 4MHz 
system clock by four. The converter sec- 
tion of the 7581 needs a —10 volt refer- 
ence source, but the expansion port of the 
CPC464 does not have a negative supply 
output. The only supply that is provided is 
+5 volt type, and the —10 volt reference 
therefore has to be generated from this in 
some way. The method used here is to take 
the 1MHz clock signal, and to rectify and 
smooth it using a voltage multiplexer cir- 
cuit. A simple regulator circuit is used to 
stabilise the resultant negative supply at 
the required potential. 

An address decoder drives the output 
enable input of the 7581 and places the cir- 
cuit'in a vacant area of the input/output 
map of the computer (&F800 to &F807). 
The nibble output is provided by a four bit 
data latch, and this output port appears at 
the same addresses as the converter. 


J es 

The circuit 

The full circuit diagram for the unit is given 
in Figure 2, The CPC464 has a Z80A 
microprocessor using a 4MHz clock, and 
the 7581 will interface to this without diffi- 
culty. The method of input/output mapping 
in the CPC464 is a non-standard arrange- 
ment which consists basically of having 
one of the eight most significant address 
lines going low to activate an input/output 
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Figure 1. Block diagram of the CPC464 8-channel ADC. 


device. Where a device requires more than 
one address, then more of the address 
lines, including the eight least significant 
lines, can be used as well. For external 
add-ons A10 is available. 

The data bus of the 8 x 8 RAM has three- 
state outputs which connect direct to the 
data bus of the computer. The 7581 has 
three address inputs which are used to 
select the desired channel, and these are 
connected to the three least significant bits 
of the computer’s address bus. This con- 
veniently places the converter at eight con- 
secutive addresses. The enable input of 
IC1 is driven from an address decoder cir- 
cuit which is formed from two 3 input NOR 
gates (IC2a and IC 2b). This gives a nega- 
tive enable pulse to C1 when the RD, A10, 
and IORQ lines are all low. As mentioned 
earlier, this places the converter at the 
eight addresses from &F800 to &F807. The 
very simple system of input/output map- 
ping utilised in the CPC464 means that 
there are numerous addresses for each 
channel of the unit, but in practice it is best 
_ to use those mentioned above as they are 
quite convenient and avoid spurious oper- 
ations of other input/output circuits. 

Pin 1 of IC1 connects to the input of the 
converter via an internal resistor. This ter- 
minal is connected to ground so that the 
quiescent input voltage is zero. This resis- 
tor sets the input resistance of each chan- 
nel at about 20K. The input resistance is 
extremely high if pin 1 is left unconnected. 
The 7581 has separate analogue and digi- 
tal ground terminals (pins 11 and 14 
respectively), but in this circuit they are 
both connected to the 0 volt supply rail of 
the computer. The 7581 has a status out- 
put at pin 12 which pulses low each time a 
conversion is completed, but this is only 
needed in applications that use interrupts, 
and this output is not implemented here. 

IC3 is a dual JK flip/flop, but here both 
sections are connected to operate as 
simple divide by two circuits. They are con- 
nected in series to give a divide by four 
action, producing a 1MHz output from the 
4MHz system clock input signal. The Q 
output is used to drive the clock input of 
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IC1_while the negative Q output drives the 
voltage multiplier circuit. The latter is a 
conventional four stage type which uses 


“An interface of this type 
becomes even more useful 
with one or more digital 
outputs”. 


four Schmitt Trigger/Inverters from IC5 as 
buffer stages. In theory the circuit is a volt- 
age quadrupler, but in practice, inefficien- 
cies in the circuit reduce the final output 
voltage to only about —12 volts or so, but 
this clipped at the required —10 volts by 
zener diode D6. 


PROJECT 


IC4 is a quad D type flip/flop, and in this 
circuit it operates as a 4 bit data latch with 
the latching pulse from the address 
decoder fed to the clock pulse input. R1 
and C3 provide a negative reset pulse at 
switch-on. The four data inputs are fed 
from the four least significant bits of the 
data bus. The address decoder for the nib- 
bie output is comprised of IC2c plus IC5d, 
and these generate the negative latching 
pulse when A10, IORQ, and WR all go low. 
Separate address decoders for the con- 
verter and nibble output (one gating the RD 
line and the other gating the WR line) 
enables the two ports to share the same 
address range without operation of one 
causing spurious operations of the other. 
Like the converter, the nibble output 
occupies a vast address range, but in prac- 
tice it is advisable to operate it using an 
address in the range &F800 to &F8FF to 
avoid unwanted operations of the com- 
puter’s internal hardware. 


e 

Construction 
Refer to Figure 3 for full details of the 
printed circuit board. As the 7581 is a fairly 
expensive device and is a CMOS type it 
would not be sensible to ignore the 
standard MOS antistatic handling precau- 
tions. Use an integrated circuit holder for 
this component, leave it in its antistatic 
packing until it is time for it to be plugged 
into position, handle it as little as possible, 
and do not fit it onto the board until con- 
struction is in all other respects finished. 
Be very careful to fit IC1 and the other 
semiconductor components onto the 
board the right way round. 

The component panel connects to the 
floppy disc port of the computer by way of 
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Figure 2. Full circuit diagram including the nibble output. 
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Figure 3. The printer circuit board foil and overlay. 


D1 


Figure 4. The 19 connections to the edge connector. 


a piece of 19 way ribbon cable of up to 
about 1 metre in length. The free end of this 
cable is fitted with a 2 by 25 way 0.1 inch 
pitch edge connector. Connection details 
for this are shown in Figure 4, The floppy 
disc port of the computer has provision for 
apolarising key, but it is unlikely that a con- 


nector fitted with a suitable key will be 
available. With a little ingenuity it might be 
possible to add a suitable key, or failing 
that the top and bottom edges of the con- 
nector should be clearly marked. 
Thoroughly check the finished unit for 
errors, and in particular check the connec- 
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tions from the board to the edge connec- 
tor. It would not be difficult to get a crossed 
wire here, and “rainbow” ribbon cable is 
probably the best type to use as this helps 
to minimise the risk of a misidentified lead. 


s 

Testing 

Connect the unit to the floppy disc port of 
the computer before switching on. After 
switch-on the usual screen display should 
be produced — switch off immediately and 
recheck the unit if it is not. Assuming that 
the computer operates normally, the com- 
mand: 


OUT &F800,15 


should set all four lines of the nibble output 
to the high state. The command: 


OUT &F800,0 


should then return them to the low state. As 
only the four least significant bits are 
implemented, the number written to the 
port is, of course, in the range 0 to 15 and 
not the usual 0 to 255, Note also that as the 
Z80A microprocessor has_ separate 
memory and input/output maps, data 
transfers are accomplished using OUT and 
INP rather than PEEK and POKE. 

Channels 0 to 7 of the analogue to digital 
converter are at addresses &F800 to 
&F807 respectively. Reading any channel 
with no input connected should return a 
value of zero. As a simple check of the unit 
connect input 0 to the +5 volt rail (the posi- 
tive leadout write of C2 makes a conve- 
nient connection point) and then take a 
reading for this channel using the com- 
mand: 


PRINT INP(&F800) 


With a full scale value of 10 volts and the 
supply potential at 5 volts, if the unit is 
working properly the returned value should 
obviously be about half the full scale value 
(ie something in the region of 126 to 129). A 


“more comprehensive check could be 


made using, for example, a 9 volt battery 
and a potentiometer of about 10k in value 
to give a range of test voltages. 


PARTS LIST 
Resistor (1% watt 5%) 
R1 2k7 


Capacitors 
C1,4,5,6,7  100nF miniature ceramic (5 off) 


C2,3 100uF 10V axial elect (2 off} 
C8 22uF 16V radial elect 
Semiconductors 

IC1 7581 
IC2 74LS27 
IC3 74LS73 
IC4 74LS175 
IC5 74LS14 
Di to D5 IN4148 (5 off) 
D6 BZY88C10V 
Miscellaneous 

Printed circuit board 


28 pin DIL IC holder 

16 pin DIL IC holder 

Three 14 pin DIL IC holders 

2 by 25 way 0.1 inch pitch edge connector 
Ribbon cable, wire, solder, etc. 
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INTERACTIVE 
VIDEO 


The launch of Acorn’s interactive video system 
based on the BBC micro has prompted Richard 
Sargent and Peter Luke to investigate the 
technology behind the concept. 


The launch of Acorn’s Interactive Video 
System was an occasion more memora- 
ble for the degree of hype evident than for 
an innovative product making its debut. 
While there is little doubt that the fusion of 
the technologies of the computer and 
video disc industries will have a great deal 
of impact on the future of information 
technology, it will be quite some time 
before some of the applications conjured 
up by Acorn Video have any great impact 
on the lives of the public at large. 

So just what is interactive video and why 
are there such high expectations as to the 
future impact of the concept? In order to 
appreciate what the new technology is all 
about we must first explain something of 
the technology of the video disc. 


° ° 
Disc O Hi-tech 
A video disc is the name given to any disc, 
made of whatever medium, which is cap- 
able of storing pictures. These pictures 
may be moving or still, the recording 
technique may be analogue or digital. 

Now, this crisp definition of what a video 
disc may (or may not) be has. become 
somewhat blurred in recent years as 
manufacturing companies vie with each 
other and make vague (but impressive) 
claims as to the technological brilliance of 
their system X. So it might be as well to 
start at the beginning and trace the heady 
rise of this medium. 


A short history 


Video disc experiments have spanned 
three continents; America, Europe, and 
Asia, represented by Japan. The early 
pioneers were Decca and Telefunken and 
their efforts were based on the then-preva- 
lent technology of vinyl discs and spiral 
grooves, The system did at least work, 
although recording lengths were very 
short, and extensive wearing of both stylus 
and disc prevented any long-term hope of 
success. At about the same time (the early 


sixties) the American RCA and Zenith cor- 
porations were working together on 
another spiral-groove system which was 
less subject to wear. The stylus and disc 
surface together formed a capacitor, the 
charge on which varied as the stylus — 
which was one of the capacitor plates — 
passed over indentations on the disc sur- 
face - which represented the other 
capacitor plate. Thus the Capacitance 
Electronic Disc (CED) system was born, 
and it’s still around today, albeit ina much 
refined form. 

The 1970's saw the beginning of experi- 
ments in optical recording and playback 
techniques using low-powered lasers. 
Several systems have been tried, including 
passing light through a_ transparent 
“floppy” disc, but it was reflected-light 
systems which proved to be the better bet 
and the first of these was demonstrated by 
Philips at Eindhoven in 1972. 


e e 

Optical discs 

The optical disc, or LaserVision as it was 
quickly christened by Philips, has had a 
long and stormy development. The official 
launch to the American consumer in 1970 
brought a less than overwhelming 
response, and you might be forgiven for 
not noticing the European launch in 1982. 
The Japanese, not to be outdone, have 
Pioneer working on the LaserVision 
system, while JVC have perfected a CED- 
type disc known as VHD. 


with a view to partnership, and when this 
really takes off it’s going to make present 
day computer peripherals look insignifi- 
cant. 


Not the sound of music 


Video discs usually play for 60 minutes a 


“Computers are looking toward the video disc 
with a view to partnership”. 


Today in Britain you can buy a Philips or 
Pioneer LaserVision player, or a Thorn-EMI 
VHD player. You won’t have a very wide 
choice in the type of film you can buy and 
play on your new machine, but all that is 
going to change over the next few years. 
Computers are looking towards video discs 
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side, so all but the longest films can be 
squeezed onto the two sides of the one 
disc. The discs have a spiral track (but not 
a spiral groove) some twelve miles in length 
running from perimeter to centre, a 
diameter of 10" in the case of VHD discs 
and 12" in the case of LaserVision discs. 
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Both systems have all the analogue inform- 
ation on colour, luminance, sound (two 
channels) and video control recorded by 
frequency-modulation on the track sur- 
face. 


LaserVision discs 


A track on an optical disc is made up of a 
series of micron-sized pits which are illumi- 
nated by a low-power helium-neon laser 
and read back by a photodiode. Each pit 
varies in length, this being proportional to 
the analogue signal encoded in it; but the 
width is constant at 0.6um and so is the 
depth, at 0.1um. A gap of 1.6um separates 
one track from another, and there are 
54,000 tracks in all. The optical pulses from 
the micro pits are demodulated to produce 
both video and audio carrier signals, which 
are subsequently converted into pictures 
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and sound. It goes without saying that the 
LaserDisc player must be build to extra- 
ordinarily fine engineering tolerances — 
there are, for example, no grooves for the 
photodiode assembly to follow, so servo 
motors guided by sophisticated feedback 
electronics must track the arm across the 
disc surface. The laser beam must have a 
short wavelength to focus on such narrow 
tracks, and cheap solid state lasers are not 
yet sufficiently reliable to undertake this 
task. Current players use the more expen- 
sive helium-neon gas lasers. However, the 
absence of grooves and stylus together 
with the presence of a finely controlled 
tracking arm does mean that the readhead 
can zip from one part of the disc surface to 
another. In terms of computer jargon, the 
video disc has a Random Access cap- 
ability. This has far reaching implications 
which have very little to do with films-on- 
disc, but which have a great deal to do with 


= where to go. On LaserVision discs coded 


computer controlled pictures-on-disc. A 
LaserVision disc can store 54,000 separate 
picture frames on each disc surface, and it 
does so when allowed (by design) to rotate 
with constant Angular Velocity (CAV). 

The CAV format disc (see Figure 1) has 
its recording arranged so that one com- 
plete television frame (two fields) is placed 
on each track. Hence each revolution 
represents one video frame and the speed 
of rotation is synchronised with the 
standard television framing rate, giving a 
disc speed of 1500rpm. In this mode the 
information is packed more tightly at the 
centre of the disc than on the outside. This 
arrangement makes it possible to achieve 
perfect still-frame and slow-motion replay 
by reading the same track more than once, 
the read-head jumping back across the 


“Laser discs are the 
natural choice for 
permanent storage”. 


spiral during the vertical synchronisation 
interval when no picture information goes 
to the television screen. The drawback 
with this format is that it only gives 37 
minutes of playing time per side. So, if you 
want to see a film from start to finish on the 
one disc, it needs to have been recorded at 
Constant Linear Velocity (CLV). Here the 
information is packed with the same 
density all over the disc, and the speed of 
rotation actually varies to compensate for 
this, slowing down whenever information 
at the periphery of the disc is read. In CLV 
mode, still frame and slow motion are far 
from perfect, but playing time is back to 
one hour per side. 

The VHD disc is in many ways quite simi- 
lar to the LaserVision disc in terms of the 
end result; it has a CAV mode, numbered 
frames (45,000) and still-frame facility. Yet 
there are perhaps two physical charac- 
teristics that make it the poor relation to the 
optical disc. Firstly it has a stylus — albeit a 
very light one — so that disc wear and 
degradation of picture cannot be dis- 
counted especially after the frequent use 
of the still-frame facility. Secondly, the disc 
itself is rather fragile. This in itself is not of 
great importance, after all floppy discs are 
very fragile and nobody seems to mind 
very much, but when you consider the 
LaserVision disc has a surface insensitive 
to scratches, dust and grease, it is perhaps 
all too obvious which would be the natural 
choice for permanent, archival material. 


Coding the discs 


If you have arandom access disc the ability 
to pick and choose your tracks is only as 
good as the addressing system used — you 
need to be able to tell the tracking arm 


information is recorded prior to each pic- 
ture frame. CAV format discs have the 
most room at their disposal for this extra 
information, and those are, of course, the 
very discs which benefit from the addi- 
tional information. Each of the 54,000 pic- 
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Figure 1 (top) CAV disc format. 
Figure 1 (below) CLV. 


ture frames may be given an absolute code 
number, and “page” and “chapter” num- 
bers may also be allocated. 

Teletext-style information can be laid 
down on the disc, so that screenfuls of text 
do not constitute a picture frame but are 
available in addition to the pictures. What 
we have here is a system known as Active 
| Video. 

A computer can control the video player 


{since it can send the tracking arm to any 


one of 54,000 frames on the disc), but the 
computer itself needs to be controlled by a 
program. This program can be in ROM, or 
it can be on floppy disc. It could also be on 
the video disc, in the form of raw data to be 
down-loaded into computer memory and, 
once there, acted upon. But most fascinat- 
ing of all, the Computer-Video Disc set up 
can be made to be interactive. Here, the 
viewer becomes an active participant in 
the programme he or she is watching. 


All that gen 


Another important element in an interac- 
tive video system is the video interface 
between the text/graphic signals pro- 
duced by the controlling computer and the 
high resolution images being produced by 
the video disc player. In some systems 
separate monitors are used for the two dis- 
plays but this goes against the concept of 


Acorn Interactive Video 


Acorn Video, the new wholly-owned sub- 
sidiary of: Acorn’ Computers, '. recently 
launched their first system. The product of 
a two year development programme, the 
system comprises of. a modified BBC 
micro, dual disc drives, modified monitor, 
LaserVision disc player and EPROM based 
controlling software, The micro. is’ con- 
nected to the disc: player by way of an 
RS232 fink. This allows the computer to 
controlall of the functions of the video disc 
player. At present the link is uni-directional 
but future systems could make provision 
for . bi-directional . communication © thus 
allowing software to be uploaded from the 
video disc as described in the main body of 
this article, 

At present Acorn Video would appear to 
be ‘concentrating on the vast’ industrial 
training market: Such-users will:be-able to 
obtain complete systems for a cost in the 
region of £3000 to £4000; At present there 
are no specific plans to operate an upgrad- 
ing service for those organisations that will 
already have many of the components of 


ward as it may appear at first sight. 

The problem lies in synchronising the 
signals produced by the computer and 
disc player. While not wishing to delve too 
deeply into the subject, any video mixing 


“The computer/video disc set-up can be made 
interactive. Here, the viewer becomes an active 
participant” 


the integrated system and Acorn, in com- 
mon with other people in the field, have 
made provision for the two video signals to 
be combined in a single display. To 
achieve this aim is not quite as straightfor- 


system must provide a means by which 
both the line and frame sync pulses of the 
two video signals to be mixed can be 
brought into phase. A number of 
techniques to achieve this goal have been 
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the system to hand, According to Acorn 
Video, this is because of the large number 
of BBC: micros in the field, only the very 
latest versions. are easily modified for AIS 
operation. No doubt though that if there is 
sufficient demand from educational estab- 
lishments; Acorn ‘may well reconsider this 
part of their plans. Even allowing ‘that the 
micro itself can -be.converted there is still 
the problem of the requirement for a mod- 
ified monitor in order:to use the system to 
its full potential. 


Philips LaserVision 


The design ‘of the LaserVision disc player 
was largely due to Philips, .a familiar name 
in. the consumer electronics market. The 
company market’a range of. players for 
both the home. and professional markets: 
The system has not to date lived up to. ini- 
tial: expectations in terms: of the market 
penetration: expected to be achieved. 
Interactive: Video should ‘provide a well 
deserved boost ‘to the sales of. players 
though. 


developed by the video industry over the 
years. These include locking all video 
sources to a central sync pulse generator 
(this approach is used in commercial TV 
studios) to digital frame stores that capture 
video signals in one half of their circuit and 
are then able to digitally play these out in 
step with an external video signal in 
another section of the unit. These 
techniques, particularly the digital frame 
store are all, however, very expensive solu- 
tions to the problem of syncing video sig- 
nails. 

Fortunately there is another technique 
that can be applied in the case of the video 
signal produced by a computer. This relies 
on the fact that, in the majority of computer 
designs all the timing of the various signals 
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inside the machine is derived from a mas- 
ter clock. Altering the frequency of this can 
alter the phase relationship between any 
computer generated signal and an external 
source. To convert a computer for gen lock 
operation the usual approach is to replace 
the master crystal with a collection of com- 
ponents which include a substitute crystal 
that forms part of a phase lock loop 
system. This will pull the frequency of the 
crystal until the line and field syncs of the 
computer are in phase with those of the 
external video signal. 

In addition to ensuring that the line and 
frame sync pulses of the two video signals 
are in phase with each other there is the 


other line to tell a specially-converted 
monitor when to switch between the two 
video signals. 


Software scarcity 


LaserVision was originally conceived as a 
consumer product that would provide an 
alternative to the video recorder. Despite 
the fact that research shows that the 
majority of video recorders are mainly used 
to play back pre-recorded material, the 
public consider the ability to record more 
important than the improved image quality 
of the laser-based players. Therefore to 
date sales of video disc players have been 


“The computer program can prompt the user to make 
a response, as a result of which the video can jump to 
alternate sequences”. 


additional problem of synchronising the 
colour subcarriers of the two signals. This 
is achieved by an extension of the applica- 
tion of the phase locked system 
described above. The variations in the fre- 
quency of the master clock are so slight 
that they have no noticeable effect on the 
operation of the computer. 

The signal produced by the gen lock 
board will most often be in the form of a 
composite video signal. This is not the 
case in the Acorn design, however, as this 
system produces an RGB output plus one 
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disappointing. The low sales have in turn 
meant that there has been little incentive 
for publishers to make material available in 
this medium. 

The interactive video industry will thus 
need to concern itself with the production 
of disc-based software. Many people have 
the idea that it costs a small fortune to pro- 
duce video discs in small quantities — fortu- 
nately this is not the case. Of the total cost 
of any disc, by far and away the greatest 
cost is in the production of the images that 
are to go onto the disc, the master 1” video 


tape. 

The cost of mastering the disc is, incom- 
parison, quite small. To master one side of 
a disc of between 16 and 36 minutes costs 
in the region of £2000. Pressing costs fall 
to around £10 for runs in the range 
of 200 units. These figures mean that discs 
can be produced at a resonable cost even 
where the numbers of copies required are 
not in the 1000’s. 

Another drawback of the laser disc is 
that it is a read only medium. The players 
would be far more versatile if some form of 
write (even quite a limited capability) could | 
be built in. This development, while not just 
around the corner, will be here within a 
couple rather than tens of years. This will 
greatly increase the potential of interactive 
systems. 

The computer program, be it educa- 
tional, instructive, or purely recreational 
can prompt the user to make a response, 
and as a result of that response the video 
can jump to alternate sequences, or repeat 
past sequences, freeze a frame, or replay 
backwards in slow motion. The human 
participant may be learning in Arabic how 
to erect a desalination plant, or may be 
revising for a Biology “O” Level, or even 
pretending to fly a spacecraft through the 
Rings of Saturn — in any event as film 
technology converges with computer 
technology, you can be sure that the video 
disc is likely to be around in some shape’or 
form, and in very great numbers, for a long 
time to come. 


October 1983 September 1984 
Cassette Signal Conditioner ............ccccseesseeeeeeeee £1.60 Spectrum Frequency Meter ............ccscecsceeeeeseessee £3.61 
BBC EPROM Programmer ........scccrssecssesessseseseeers £6,66 October 1984 
November 1983 EPROM Silatar scecycuccessanesssteassernoncssdestsigectunay £5.85 
Lie Detector Interface .........ssccsssesececesseesreresteecarees £2.45 November 1984 
MICTOCONMLONEL .n.:c.ncecessecaseorsscnssssseasssccescantencnsoevecnes £2.77 Amstrad PIO cocccccccccoccccccccececcseccecececcccesecesceceececeseees £5.65 
ZK LIGHT Controller. wicies css. si acsonccssusvsansctcaeciceres cones £5.56 Decaniber 1984 
December 1983 Amstrad CPC464 A/D uo.scsscsssssssesssssnesccconeeeesseeessssees £4.10 
BBC Sideways RAM .......cc ccc eecereeeeteeseteteteereers £048 
EIBCUW ON AUD wscarceccpcsndeconsitesvevadasehnavasesonniesabsotanassns £3.78 ee ee ee 
January 1984 +s HOW TO ORDER 
EIRCOM UO PONE soci is dics canes saccsscnicess scdsesessiisecnesatatees .02 List the boards required and add 45p post and packing 
February 1984 charge to the total cost of the boards. Send your order with 
BBC Speech Synthesiser ............-.2ccecsseseeeeereeeees £5.89 a cheque or postal order to: 
ElSCtron RS4S2 ccssesvisisseyeseceseneanienwnasusivoncocpussestene £3.51 ’ 

pepeeaeen E&CM PCB Service, Scriptor Court, 
Spectrum Speech Board ........-.--ecsesessssneeseessenenne £4.18 155 Farringdon Road, London EC1R 3AD 
BBC Sideways ROM Board ...........2::cccsreeeteereeeeeeees £7.13 Telephone: 01-837 6255 
March 1984 ; ; 
Spectrum Cassette Controller .........ccs ce eeeeeseeeeeees £2.59 Please supply the following PCBs: 
Apri1904 —t—t*«i‘(—*étstst air enna nnn 
Commodore A/D Bate fcc t LT ts ore ath 171d nt, Tn £2.15 Pree reer Cree rer i ceri r reir ree rier eerie reer rrr recite ri errr rr rrr Te 


SpectrUM Diary ..esscsesvesseesesseesesseeseeeeessssseeesssees £4.26 
GONNCOMCS BUN 5.55 s dis vevenanecccrsceceanbcerdsayyebinpriedeiore £7.41 
June 1984 

Mains Data Link (2 Boards) ........ccccccccseseeeeeeeereeeene £4.72 
July 1984 

IR Data Link (2 Boards) .......-...::cccseecssscceeseeeteceeeeeees £3.95 
August 1984 


Robot Wall Builder ..........:ccsscsessesesseseeeeseerseereeesees 
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Post & Packing 45p 


TOTAL £ 
DIWIET | ssccrccasvccceeterapsaistn nies: DANG: dsc cacesizspsvtianceeses 
INITIO sicsccs ccerssresipeacaentcrsarestrennyensatenaaareestienex (please print) 
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Floppy Turnover 


A mere two minutes snipping and punching will transform a 
humble single-sided floppy into a double-sided disc. Chuck 
Shenton explains this must for all misers. 


In spite of their popularity, single-sided 
drives have one major limitation; they only 
allow half of the potential disc capacity to 
be used, This is because the drive’s single 
read/write head can only access the lower 
side of the disc, leaving the upper side, 
which is also capable of storing data, 
totally wasted. 

As it name suggests, the double-sided 
drive overcomes this limitation by incor- 
porating a second head for the upper sur- 
face but, although this has the added 
advantage that both sides can be used at 
the same time, there is a penalty to be paid 


Figure 1. Anatomy of a floppy disc. 


in terms of the cost and complexity of the 
drive. 

It is not feasible to simply invert a single 
sided drive because, although the head 
slot would align with the head, the write 
enable slot and index hole in the disc case 
would not line up with the drive’s sensors. 

However, by following the procedure 
described in this article a second write 
enable slot and index hole can be cut into 
the case to make the disc symmetrical; it 
will then operate correctly when inverted. 

To modify a disc the following items are 
required: a scalpel or craft knife, large nee- 
dle, protective envelope, cardboard 
template, and modified hole punch. 

The scalpel is used to cut an extra write- 
enable slot in the case. 

The protective envelope can be made 
from stiff paper as shown in Figure 2, and 
is used to cover the head access slots and 


DECEMBER 1984 


reduce the chance of damage to the active 
surface while the disc is being modified. 

The template simplifies the marking out 
operation and is made to the exact pattern 
shown in Figure 3; any thin stiff cardboard 
will do. 

The best approach is to transfer the pat- 
tern on to the cardboard with carbon paper 
and a sharp pencil. Then, using the 
needle, pierce the template master and 
cardboard in the positions for the left and 
right index holes. 

The outline is then accurately cut out 
with a pair of scissors, leaving the write- 
enable slots and centre drive hole to be 
removed on a flat surface using the scalpel. 
This completes the template (but you can 
also make life easier by marking the top 
with a felt tipped pen). 

The punch, is used to form the extra 
index holes in the case and is central to the 


Figure 2. The protective envelope. 
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MARK TOP OF TEMPLATE 


TOP 


CUT OUT SLOTS 
IN TWO POSITIONS 


—— WITH SCALPEL ie eee 


CUT OUT 
CENTRE HOLE 
WITH SCALPEL 

nf 
7% 


MAKE NEEDLE HOLES 
IN TWO POSITIONS SHOWN 


Figure 3. Plan of template (75% size). 


whole operation. 

My first attempt at making these holes 
entailed removing the magnetic disc and 
cutting square holes in the case with a 
scalpel. Surprisingly the disc worked per- 
fectly after this, but the result looked rather 


FILE METAL FROM 
LOWER JAW 


GLUE SLEEVING TO 
EDGES OF LOWER JAW 


Figure 4. Modifications to the punch. 


untidy and the entire business took too 
long anyway. 

It became obvious that to make the 
operation a practical proposition a ready 
made tool would be essential, but after 
looking at various devices it seemed that 
nothing suitable was available. However 
the answer finally came in the form of a 


neat, single hole stationery punch, sold by 
W. H. Smith for the modest sum of £1.30. 
The punch could be used at it stands but 
the lump on the lower jaw would make this 
awkward and may also lead to distortion of 
the case and damage to the disc. To avoid 


this the punch should be modified as 
shown in Figure 4, 

First, as indicated, file the lump off the 
lower jaw, taking care to remove any rough 
edges. Next, using the scalpel, slice a short 
piece of PVC sleeving along its length and 
glue it on to the bottom edge of the jaw with 
impact adhesive. 
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Marking out 


To avoid contamination of the disc it is 
essential that all operations are carried out 
in a clean and dry area. Fit the protective 
envelope then mark out the case as fol- 
lows: 

Accurately align the top of the template 
with the top of the disc then, using a sharp 
HB pencil or fine felt-tipped pen, mark out 
the position for the extra write-enable slot 
on the right. 

Push the needle through the index 
needle hole on the right of the template and 
lightly mark the case. Take.great care to, 
apply the minimum amount of pressure 
necessary to mark the case and on no 
account puncture it. 

Turn the disc over, left to right, and carry 
out the same operation but this time use 
the left index needle hole in the template. 


ie e e 
Modifying the disc 
Rest the disc on a flat surface and, using 
the scalpel, cut out the extra write-enable 
slot. 

Next, at the periphery of the drive hole, 
gently lift the case away from the magnetic 
disc and, with great care, insert the bottom 
jaw of the punch. Then, after ensuring that 
the anvil of the punch is concentric with the 
needle mark, punch out an index hole in the 
top of the case. The hole need not be in 
exactly the right position, but be as accu- 
rate as you can. 

Punching out the index hole is the most 
tricky operation, but with a little practice, 
most people should find it well within their 
capabilities. However care must be taken 
not to damage the case or the magnetic 
disc and never insert the jaw of the punch 
in far enough to come into contact with the 
active part of the disc surface. 

Finally, with the same care, punch out 
the index hole on the other side of the case, 
remove all waste material and the disc is 
ready for use. (You may like to add another 
label for the second side just to round the 
job off nicely.) 


Pros and cons 


Some people may still be scared of violat- 
ing the sanctity of their disc. Apart from the 
obvious cost advantage, double sided 
discs are more convenient to use and 
require less storage space for a given 
capacity. But naturally the first concern is 
always with the possibility of damage to 
the drive followed by concern that disc 
reliability will be impaired. 

An interesting theory argues that as the 
disc normally rotates in a single direction 
any debris will be caught by the leading 
edge of the head access slot. If the direc- 
tion is then reversed this debris will be car- 
ried away from what is then the trailing 
edge onto the head, causing rapid wear. 

In terms of the disc, the main objection is 
again related to changing the direction of 
rotation, and that contact with the case lin- 
ing and the head will polish the magnetic 
surface in one direction. If the direction of 
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rotation is then reversed disc wear would 
be accelerated. This argument is some- 
times accompanied by a suggestion that 
the case lining is biased in one direction to 
trap debris and even to polish the disc. 

There may be some truth in these 
theories but it is the degree of disc wear 
that is important, and there are many inter- 
related factors involved. 

Taking the drive first; be assured there is 
no chance of affecting the mechanics of 
the drive in any way and the only item 
which perhaps needs discussion is the 
read/write head itself. 

In normal use debris which mainly con- 
sists of oxide from the disc does get on to 
the head; that is why it needs cleaning from 
time to time. However if an abnormal 
amount of debris were released with a 
reversal of disc rotation, and if it did get on 
to the head instead of falling harmlessly to 
the bottom of the drive, surely a large 
number of data errors would result. 

In practice however this does not occur 
— even when the reverse side of a well used 
disc is formatted immediately after modifi- 
cation. Neither does the head require 
cleaning any more often than normal. 
Therefore it seems unlikely that. the head 
wear theory has any practical conse- 
quence especially when you consider that 
there is not much debris in a disc anyway. 

When it comes to the disc, the argument 
about the bias of the lining is not very con- 
vincing; just lift up the case at the drive hole 
and take a look! Inside you will see that the 
disc case is lined with a fibrous material, 
which looks very ordinary and has a totally 
symmetrical embossed pattern on its sur- 
face. As the pattern is not concentric it fol- 
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every conceivable angle. 

Anyone who is interested enough might 
also like to take a look at the surface of 
some used standard discs; the variation in 
surface finish will be quite surprising and in 
addition, whereas some discs will be quite 
hard to turn, others will be smooth and turn 
easily indicating different amounts of fric- 
tion which presumably leads to different 
rates of wear. 

As if all this is not enough the disc and 
the case continually flex while being 
driven, introducing a random variable into 
the equation. 


Figures 5a and 5b, Punching index holes in the 
case. 


backup copies of programs. For good sec- 
urity, however, it is best not to back up on 
the other side of the source disc. 

It is a credit to the quality control of 
manufacturers that —in most cases — both 
sides of a single-sided disc will format. In 
fact it is not unusual to find 40 track single- 
sided discs being used as 80 track double- 
sided. Don’t worry if it turns out that the 
second side will not format correctly, 
nothing is lost because you can still use the 
disc in the normal way, as though it had not 
been modified. 

Before you do any modifications it is 
wise to first format and verify the normal 
side a couple of times to ensure that the 
disc is serviceable, because it is unlikely 
that you will be able to exchange it after 
modification; and be warned that the 
lifetime guarantee carried by certain pre- 
mium discs will be invalidated. 

Finally it is well worth mentioning an 
aspect that has an overriding effect on disc 
and head life. Discs and drives do not like 
damp conditions so make certain you keep 


“| have modified discs of various makes and have 
about 40 in use, with no signs of any problems so far”. 


In practical terms it seems that environ- 
mental conditions inherent in the floppy 
disc media itself will affect disc and head 
life much more than anything introduced 
by modifying the disc. Also remember you 
can actually buy drives that are made to 
accept an inverted disc. 


e s 

Some practical points 

A modified disc can be regarded as two 
independent discs, each with its own write 
enable slot, so it is quite possible to have 
one side protected with a tab stuck over its 
slot while the other side remains unpro- 
tected. Apart from normal use, the second 
side of a modified disc is handy for storing 


both in a warm dry environment and avoid 
any area where condensation is likely. 
Although it is not an obvious point, always 
resist the natural temptation to clear any 
debris by blowing on a disc, because if a 
single drop of vapour gets on to the active 
surface your disc may be written off for 
good. 


The results 


This operation of modifying discs proved 
to be relatively routine and should only 
take a couple of minutes to carry out. | have 
modified discs of various makes and have 
about 40 in use, with no signs.of any prob- 
lems so far. 
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Pascal in practice 


To give our programming Pascal series a practical touch, Adam 


Denning looks at implementations of the language for two popular 
micros: the QL and the Beeb. 


Here we take a look at two implementa- 
tions of Pascal for two popular home com- 
puters: Acornsoft S-Pascal for the BBC 
Micro and Computer One Pascal for the 
QL. It is as well to get the prices sorted out 
now. S-Pascal costs £24.95.and QL Pascal 
costs £39.95. 

Both come with rather deficient manuals, 
the S-Pascal documentation in particular 
seems to take more interest. in defining the 
compiler than describing how to use it. S- 
Pascal is a teaching subset of full Pascal 
and therefore cannot handle some of the 
more complex (and useful!) aspects of the 
language. It comes on either cassette or 
disc in a standard Acornsoft package, and 
has numerous example programs which 
are all listed in the manual but explained 
really badly. Considering that the purpose 
of this compiler is to: teach Pascal to the 
uninitiated this must be seen as a major 
fault. 

The programs range from the cliched 
Towers of Hanoi puzzle; which is of course 
recursive, to programs. which draw 
diamonds on the screen. All these pro- 
grams are well written-but the Towers of 
‘Hanoi program in particular seems to be an 
object lesson in showing off. We all know 
that the BBC Micro is fast, but Acornsoft 
seems intent on. proving it; making the 
Hanoi program far too fast to see in action. 
It strikes me that this defeats the object of 
the exercise. You can also confuse the pro- 
gram by asking for too many discs to be 
displayed, then the screen just turns into a 
disorganised mess. Whatever happened 
to.error checking? 

The manual also includes. full syntax 
diagrams for the implementation, which 
seems to be a practice unique to Pascal, 
but of course it neglects to explain them. 

The compiler itself is apparently written 
in Basic, which is no. major problem if it 
works properly, but it does have some side 
effects. Programs must be written in lower 
case or are tokenised: by the Basic 
interpreter, and the raising of PAGE (to fit 
in the compiler and source code) leaves 
very little room for programs. If you force 
yourself to stay in mode 7 then you get the 
benefit of a full 3 to 4K! 

Editing the source is a bit of a pain, using 
re-directed OSCLI calls which are mani- 
fested as new * commands, but compila- 


tion is reasonable, invoked by a*COMPILE 
command. This is probably one of the 
slowest compilers going, but does have 
the enormous virtue of showing the 6502 
assembly language that it generates on the 
screen along with the source. As it uses no 


Basic ROM routines in the final object code 
the. compiled programs can be saved to 
cassette or disc and subsequently. loaded 
and run with a*RUN command, but it does 
also.mean that REALS are not supported. 
(REALs are floating point numbers.) The 
simple types supported are INTEGER, with 
the usual 16-bit range of —32768 to 
32767, CHAR, which. covers 8. bit ASCII 
characters, and BOOLEAN, which gives 
the values TRUE and FLASE. 

Everything seems to work as one would 
expect, but this. package can only be 
bought on the understanding that nothing 
serious can be done with it. This: must be 
severe embarrassment to: Acorn as. the 
BBC Micro is promoted as being the 
‘serious’ machine, the darling of intellec- 
tual establishments. Yet it still has no seri- 
ous languages except BCPL. 

Compare that to the Spectrum, which 
now has an almost complete Pascal and a 
very good C. Acornsoftis due to release the 
full ISO Pascal as a two ROM system in the 
late part of this year. It will reputedly cost 
£125, which seems an awful lot when you 
consider that no other small. micro 
implementation of Pascal costs anything 
near this. It also smacks of the second pro- 
cessor system — two years too late. 
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Computer One’s Pascal for the QL, on 
the other: hand, costs £15 more than S- 
Pascal.and yet offers so much more. 

It is. supplied on Microdrive cartridge 
with a manual which declares the language 
and all its resident procedures, functions 
and pre-defined types. This is far more a 
system than just acompiler, as it includes a 
full screen editor: compilation is just one of 
the options from the menu. 

The system is invoked by putting the 
cartridge in drive 1 and pressing the 
requisite. function key. Curiously, this 
reserves. some resident procedure space 
and loads a machine code procedure into 
this area. This procedure is called PAS- 
CAL, and in common with all SuperBasic 
procedures, typing the procedure name 
invokes it. This then loads the system from 
drive 1 and results in a menu with eight 
options shown on the screen. The 
important options are EDIT, COMPILE and 
RUN. Each option is selected either by 
using the cursor keys to move a window | 
down to the option concerned or by pres- 


“Nothing serious can be 
done with the S-Pascal 
package”. 


sing the number. of the option. Pressing 
ENTER invokes the option. 

The EDIT option loads Computer One's 
screen editor: not really an ideal type. The 
Metacomco editor supplied. with its 
assembler, BCPL and LISP, is far superior 
and in fact this is the one! use to.develop 
Pascal programs. The Pascal editor is very 
limited in: its-range of commands, so that 
the only real options are saving and loading 
files, moving the cursor keys and inserting 
text. One interesting thing is that if a pro- 
gram is compiled and results in compile 
time errors, then these errors are repro- 
duced in the source file as non-deletable 
lines, which makes the alteration of error 
prone lines that much easier. When the | 
amended file is re-saved the errors are not 
saved. 

Files which are intended to be source 
files for the Pascal compiler must end with 
the .pas extension, and the compiler: 
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option throws up an error if the specified 
file is not thus named. The system desig- 
nates a drive as its default so that in most 
cases there is no need to type out the file 
name. If we wanted to compile a file called, 
say, mdv2_test_pas then all we need dois 
type test. 

The compiler is loaded from drive 
whenever it is entered and the compilation 
process is reasonably fast. This stage does 
not compete with, say, Hisoft Pascal, but it 
is doing a drive to drive compilation. A 
screen listing is optional. The object code 
is produced as a file with the same main 
name as the source file but with the exten- 
sion —qlp, which we are told stands for ‘QL 
Pascal’. Fair enough. 

The object code is not 68000 machine 
code, but an interpretive code similar to the 
CINTCODE system used by many small 
BCPL systems. While an interpretive code 
is going to be slower than its pure machine 
code equivalent, it does have a number of 
advantages. It is smaller, for a start, and 
the choice of a suitable interpretive code 
makes the compiler a lot easier to write and 
a lot more efficient than an optimising 
machine code compiler. The compiler is of 
course written in Pascal, but unfortunately 
the source is not reproduced! 

Computer One Pascal takes advantage 
of QDOS and the floating point routines 
therein, so its range for REALs is the same 
as SuperBasic’s. But this is rather unfortu- 
nate: despite the fact that the floating point 
range is enormous (1e-615 to 1e615), the 


accuracy is less than is normally desired, 
being 7 significant digits. Its integer range 
is superior to SuperBasic's, taking the full 
32 bit size of —2°" to 2°'—1. 

The compiler comes with many in-built 
functions and procedures to take advan- 
tage of the QL’s input, output and screen. 
All SuperBasic routines to draw compli- 
cated graphics are available in Pascal with 
the same names and parameter structure, 
and there are even defined types to ensure 
that certain parameters — such as colours — 
are valid and easy to use. 

| did find problems with the READ proce- 
dure, which is supposed to assign values 
read in from an output device to variables. 


It seems. that the procedure will only 
accept numbers which are actually of the 
type specified by the parameters. There 
appears to be no type coercion, so that 
specifying a real variable as a READ 
parameter seems only to.work if there is a 
number that is definitely real (ie 34.5 rather 
than 34). 

The compiler comes with a Basic clone 
program to enable easy backup, and there 
are four Pascal examples provided. Two of 
these are becoming so common as 
example programs that they are terminally 
boring ~ Hanoi and the Fibonnacci series! 
The other examples are a program to draw 
a globe and a very interesting program 
which talks to QDOS directly and enables 
the fast backup of Microdrive cartridges. 
The source code of this shows how easy it 
is to access QDOS from Pascal, but as it 
says in the comments, it is unlikely to make 
much sense unless you have the QDOS 
documentation. Basically, it reads the 
directory of the source drive and transfers 
each file across to the destination drive. 
This is harder to do but more efficient in 
machine code, as we showed in the last 
issue. 

There is no doubt that this compiler isa 
superior product to Acornsoft’s Pascal, 
admittedly helped by the more advanced 
features of the QL, but it may be worth 
waiting a while to see what the Sinclair- 
branded product is like. Going on the 
experience of the assembler it is likely to be 
less useful than this product. 
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FEATURE 


and arrays. 


In the first part of this series we introduced 
the concept of types. To recap, all vari- 
ables in a Pascal program must be de- 
clared, together with their type. These vari- 
ables can then only hold values of the same 
type as they were declared to be. We saw 
the two basic numeric types, REAL and 
INTEGER, as well as some control struc 
tures using them. In this part we will con- 
sider the other two basic types, namely 

| BOOLEAN and CHAR and how the control 
structures can use these types. Further 
control structures will be described and 
the basic concepts of user defined types 
discussed. 


Boolean variables 


A Boolean type is one that can hold a truth 

| value, either TRUE or FALSE, and no other 
value. (These values are reserved words in 
Pascal.) In the first part we looked at 
REPEAT and WHILE loops. If you 
remember, each of these had a conditional 
statement whose value determined the 
action of the loop. This conditional state- 
ment is more correctly called a Boolean 
expression as it can only take the two truth 
values. A Boolean variable can therefore 
be used to hold the result of a Boolean 
expression. 

You can now see that the loop state- 
ments are simply producing a Boolean 
value and acting accordingly, so we could 
do this explicitly. Given a declaration of 

| ‘Finished’ as Boolean — declared in the 
| same way as other variables — we can 
write: 


REPEAT 
READ (Value) ; 
Sum := Sum + Value ; 
Finished := Value = 0; 
|, UNTIL Finished ; 


Notice the strange-looking assignment to 
‘Finished’. Remember that a single equals 
sign is a relational operator — it compares 
the two values on either side of it. This 
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everything you need to know about Pascal, 
this month with a look at user defined types 


if ‘Value’ is zero, otherwise ‘Finished’ is 
TRUE. See how similar the English 
description of a Pascal program section is 
to the program itself! It is this that makes 
Pascal programs so easy to read and 
understand. 

The above loop will perform exactly the 
same job as that presented last month: 


REPEAT 

READ (Value) ; 

Sum := Sum + Value ; 
UNTIL Value = 0; 


You can see how sensible use of indenta- 
tion makes the loop structure clear. The 
two inner statements are obviously those 
controlled by the loop, just from its layout 
on the page. 


The IF statement 


A further control statement, IF, allows the 
choice between sections of a program to 


was positive, we could negate it if it were 
negative: 
IF Value < 0 
THEN Value := 
Thus if ‘Value’ is less than zero — so nega- 


tive — the condition is TRUE and the state- 
ment will negate ‘Value’. 


Value ; 


The other form allows selection between 
two alternative actions: 


IF condition 


THEN statement1 
ELSE statement? - 


“See how similar the English description of a Pascal 
program section is to the program itself”. 


be executed, depending on the value of a 
variable. It is therefore very similar to an IF 
in a BASIC program. Again the controlling 
statement is a Boolean expression or vari- 
able. There are two versions of the IF state- 
ment in Pascal. The first has the familiar 
form 


IF condition 
THEN statement : 


This means exactly what it says. If the con- 
dition (a Boolean expression) evaluates to 
TRUE then execute the statement. Control 
then passes to the next part of the pro- 
gram, so if the expression was FALSE, the 
controlled statement is not obeyed. For 
example, if we wanted to ensure an integer 
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Two things are important here. First notice 
that there is no semi-colon at the end of 
‘statement1’ but there is one at the end of 
the second statement. This may seem a 
trifle odd at first, but you must remember 
that the semi-colon signifies the end of a 
complete statement. The IF statement as a 
whole must therefore be terminated with a 
semi-colon, but its constituent parts must 
not. It is the ELSE that lets the compiler 
know that ‘statement1’ has finished. 

Secondly, the operation of the IF state- 
ment is as you might expect. If the condi- 
tion is TRUE then ‘statement’ is executed, 
else statement2 is executed. Under no cir- 
cumstances can both ‘statement’ and. 
‘statement2’ be executed. 
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As before, these controlled statements 
can be compound if desired. Obviously 
when a BEGIN END bracket is put around a 
group of statements to form a compound 
statement, each inner statement must be 
terminated with a semi-colon. For 
example, suppose we want to write out the 
fact that we needed to negate our integer 
above: 


IF Value < 0 
THEN 
BEGIN 
Value := —Value ; 
WRITELN (‘Value was negative’ ) ; 
END 
ELSE WRITELN (‘Value was positive’); 


This shows the correct use of semi-colons, 
and ‘the use of compound statements 
within an IF statement. 

The controlled statements can be any 
valid Pascal statement, as with all other 
constructs. In particular, it could be 
another IF statement. This allows you to 
perform multi-way selection by building a 
nest of IF statements, such as 


IF condition’ THEN statement1 

ELSE IF condition2 THEN statement2 
ELSE IF condition3 THEN statement3 
ELSE statementé4 ; 


The last ELSE will always apply to the most 
recent IF. Therefore ‘statement4’ is only 
executed if all of the conditions are FALSE. 


Character variables 


The basic type CHAR is used to hold single 
characters. There is no basic type for hold- 
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ing character strings (or just strings as they 
are often known). The Pascal techniques 
for string handling will be described later 
on. A CHAR variable is declared in the 
same way as the previous types, for 
example: 
VAR 
A, Character : CHAR ; 


declares the variables ‘Character’ and ‘A’ 
to be of type CHAR. 

As you might expect, we can READ and 
WRITE CHAR values, as well as performing 
assignments. There is also a limited facility 
for type conversion from numbers to 
characters and vice versa. In order to 
assign characters, we must have a 
technique of distinguishing the character 
literal from the surrounding program text. 
This is achieved by putting single quote 
marks around the literal. Thus to assign the 
letter A to our variable, we must enter: 

Character :+ ‘A’; 


If these quote marks were left out, we 
would assign the value held in the variable 
‘A’ rather than the letter ‘A’ itself. In order to 
help avoid confusion, it is good practice to 
use meaningful variable names, such as 
‘Character’ rather than just ‘A’. Only those 
characters present on a keyboard — the 
printable characters — can appear as 
literals. 

Obviously, there are no arithmetic oper- 
ations to handle characters. After all, what 
do you expect the result to be if you add 
two characters? You can however com- 
pare characters using the relational 
operators introduced last time. These 
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assume alphabetic order, so ‘A’ is less than 
‘B’ and so on. But you cannot assume that 
numbers and letters will be in a given order; 
this depends on the internal representation 
and could be different for different com- 
puters. 

There are also two type conversion | 
operations available: ORD and CHR. The 
first converts characters to the bit pattern 
they are represented by. This also depends 
on the computer the program is running 
on, but usually the ASCII code is used. 
Thus 


Value := ORD(‘A’); 


would assign the integer ‘Value’ to be 65, 
as the ASCII code for ‘A’ is 65. The reverse 


“A Boolean type holds a 
truth value: true or false”. 


operation is performed by CHR. Thus to 
send a carriage return character to the 
OUTPUT device; you can explicitly send it 
with a 


WRITE( CHR(13) ) ; 


as the ASCII for a carriage return is 13. This 
operation also allows you to overcome the 
fact that a carriage return is not a valid 
literal. So 


VAR 
Return : CHAR ; 


BEGIN 
Return := CHR(13) ; 


assigns the carriage return byte to the var- 
iable ‘Return’. 

Character constants are also permitted, 
using the same notation as before. They 
can help to produce easily read program 
sections. For instance, suppose a program 
needed to ask its user if they wanted. 
instructions. This can be done by prompt- 
ing for an answer and seeing if the reply is 
yes or no: 


Yes = ‘Y’; 
NO = ‘N’; 
VAR 
Answer : CHAR ; 
BEGIN 
WRITELN (‘Do you want 
instructions ?’ ) ; 
READLN ( Answer ) ; 


If answer = Yes 
THEN write out the instructions... 


Because the READLN will read the first 
character the user types, this code will 
always work ‘even if the answer ‘Yes’ is 
given in full. Notice that the condition for 
the IF statement is a character compari- 
son, using the constant value declared for 
“Yes’. A value is also declared for ‘No’ as 
this may be needed elsewhere. 


Comments 


A further aid to program readability is the 
comment. In BASIC you can usually use a 
REM statement to add a comment. Pascal 
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allows the inclusion of comments any- 
where in a program, even between words if 
necessary (but not in the middle of a word 
please!). Comments can be as long as you 
like, and can contain anything except 
another comment. Obviously, there must 
be a mechanism to let the compiler know it 
has encountered a comment, and to ignore 
it. This mechanism is the curly bracket pair 
‘{}, Any text contained ‘between these 

| brackets is ignored by the compiler. Some 
keyboards do not have curly brackets on 
them, so an alternative form is also 
allowed, ‘(*’ to start a comment and “*)’ to 
end it. ea 
Comments are particularly useful at the 
start of a compound statement; for 
instance, as a reminder of what the state- 

| ment will do. In the example above we said 


we would write out the instructions. This ° 


could be done in a compound statement: 


If Answer = Yes 
THEN 
BEGIN {write out the instructions} 
END; 


The above code fragment is a valid Pascal 
statement, and will compile and run, given 
the necessary surrounding declarations 
and program body. Notice that the com- 
pound statement doesn’t even contain any 
statements! We needn't put these in until 
we know what they are. Pascal treats the 
statement as a perfectly valid null state- 
ment which will have no effect. This allows 
you to build up programs in small, easily 
tested stages. Once we have got the main 
program working, we can add the details 
such as code to write out the instructions. 

A further use for comments is in testing. 
As a comment bracket pair can appear 
around anything, we can put it around Pas- 
cal statements. These statements will 
therefore become comments, so will be 
ignored. You can therefore ‘comment out’ 
sections of program that don’t seem to 
work correctly to investigate the bugs in 

| other parts of your program. 


User defined types 


The main power of Pascal over most other 
languages comes from its ability to allow 
you to define your own types. We have now 
seen all four of the basic pre-declared 
types, but can add to these at will. In the 
declaration section of a program, we have 
so far seen the CONST definitions, fol- 
lowed by the VAR declarations. In between 
these can appear any number of TYPE 
definitions. We shall now look at some 
simple user defined types, and see why 
| they are so powerful. 


Enumerated types 


The simplest user defined type is the 
enumerated type. We often need to man- 
ipulate values other than numbers, for 
instance months in a year, days of the 
week and so on. In Pascal, we can declare 
a type ‘Months’ to contain the months of 
the year: 


TYPE 
Months = (Jan, Feb, Mar, Apr, May, 
Jun, Jul, Aug, Sep, Oct, Nov, Dec) ; 


We can now declare a variable to be of this 
type, and use it in the normal way, so 


VAR 
Month : Months ; 


What does this mean? We have said before 
that the type of a variable defines what 
values it can take. Thus a variable of Boo- 
lean type can only hold one of two values, 
TRUE or FALSE. Our variable ‘Month’ can 
similarly take any of the twelve values 
‘Jan’, ‘Feb’ and so on! It is important to dis- 
tinguish between a variable and its type. 
The declaration of the TYPE ‘Months’ 
above only tells the compiler that variables 
can be declared to be of this new type. It is 
not until we actually declare a variable to 
be of this type that such a variable will 
exist. 

So what can we do with this variable? 
Well, anything you might want to, such as 
compare it, assign it and so on. For 
instance 


IF Month = May 
THEN WRITE ( ‘Spring is here . . .’) ; 


You can also use the variable in a FOR 
loop. Suppose we want a program to read 
in the rainfall for each month and compute 
the average rainfall in a year: 


“You can ‘comment on’ 
sections of a program that 
don’t seem to work 


correctly”. 
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PROGRAM Rain (INPUT, OUTPUT ) ; 
{Program to compute average rainfall 
over the year} 


TYPE 
Months = (Jan, Feb, Mar, Apr, May, 
Jun, Jul, Aug, Sep, Oct, 
Nov, Dec) ; 


VAR 
Month : Months ; 
Rainfall, Average, Sum : REAL ; 


BEGIN 
Sum :=0; 
FOR Month := Jan TO Dec DO 
BEGIN 
READLN (Rainfall) ; 
Sum := Sum + Rainfall ; 
END ; 


Average := Sum/ 12; 
WRITELN (‘Average monthly 
rainfall was ', Average ) ; 
END. 


Notice the use of acomment to remind you 
what the program does, together with'sen- 
sible names for the variables and types. 
We shall see more uses for enumerated 
types later on, but hopefully their power is 
already clear. 


Sub-range types 

Often we want certain variables to hold 
only a part of a full range of values: for 
example a variable ‘Summer’ that can only 
take values of summer months. This is eas- 
ily achieved. We can declare a type ‘Sum- 
merMonths’ to take a sub-range of the full 
range of valid months: 


TYPE 
Months = (Jan, Feb, Mar, Apr, May, 
Jun, Jul, Aug, Sep, Oct, 


Nov, Dec) ; 
SummerMonths = Jun. . Aug ; 
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VAR 
Month : Months ; 
Summer : Summermonths ; 


The special symbol ‘..' says take those 
values from ‘Jun’ to ‘Aug’. Thus our vari- 
able ‘Summer’ can only take the values 
‘Jun’, ‘Jul’ or ‘Aug’. It is still considered to 
be of type ‘Months’, but can only hold a 
sub-range of the values in that type. Thus 
an assignment 


Month := Summer ; 
is valid, but the assignment 
Summer := Dec ; 


would be rejected by the compiler. What 
happens with assignments of the form 


Summer := Month ; 


depends on the value of ‘Month’ at the time 
of the assignment. If it falls within the sub- 
range, the assignment is allowed, other- 
wise an error has occured. This should be 
checked by the program as it is run, but 
some compilers do not bother to produce 
the necessary code! 

You can declare sub-ranges of the pre- 
declared types INTEGER and CHAR, for 
example: 


TYPE 
Letter = ‘A’. ‘2’: 
Digit = ‘0’. .‘9’; 


Sub-ranges of REALS are not allowed, and 


some compilers place a limit on the 
number of values a sub-range can have. 
Clearly a sub-range of the Boolean type is 
not possible, as it only contains two possi- 
ble values. 

Whilst the same job can be done without 
the enumerated type and sub-range facility 
— by declaring constants — it is not as clear 
or easy to use. As the type of each variable 
is checked, the compiler ensures that 


to you. BASIC supports a rather crude form 
of array, as do most other languages. They 
all have the same basic form: a collection 
of data (known here as the elements of the 
array) and a subscript or index giving 
access to the individual elements compris- 
ing the array. 

In Pascal, the two parts of the array are 
very distinct. The array elements can be of 
any type, including user defined types and 
the basic types. All elements in a given 
array have to be of the same type. The 
index must be of an ordinal type. That is, it 
must be of a type that can be represented 
with a single integer. Ordinal types there- 
fore include CHARs, INTEGERs, BOO- 
LEANs and enumerated types — not much 
of a restriction! REALs are not allowed as 
indices, 

Suppose we want to build a table of rain- 
fall over the year. We can use some of the 
types left over from our previous examples, 
together with a new type to hold the table: 


TYPE 
Months = (Jan, Feb, Mar, Apr, May, 
Jun, Jul, Aug, Sep, Oct, 


Nov, Dec) ; 
Table = ARRAY [Jan. .Dec] OF REAL; 
VAR 
Year : Table ; 


Month : Months ; 


This declares a new type, called ‘Table’. It 
is an array of reals, containing one REAL 
element for each of the twelve months. The 
sub-range operator ‘..’ is used to signify 
the range of valid indices — from ‘Jan’ to 
‘Dec’. ‘Year’ is therefore a table with twelve 
entries, which can be accessed individu- 
ally with a variable of type ‘Month’, Don’t 
forget to declare a variable to use as an 
indix — here it is called ‘Month’. Some 
keyboards do not have the square bracket 


“The main power of Pascal over most other languages 
is its ability to allow you to define your own types”. 


types are not mixed in assignments, and so 
reduces errors. If you have declared the 
type ‘Months’ as above, and also declare 
the following enumerated type and vari- 
ables: 


TYPE 
Days = (Mon, Tue, Wed, Thu, Fri, Sat, 
Sun) : 
VAR 
Day : Days ; 


Month : Months ; 
Then an assignment of the form 
Month := Day ; 


will be rejected by the compiler because 
‘Month’ and ‘Day’ are not of the same type. 


The concept of the array should be familiar 
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pair ‘[]’ on them, but an alternative form is 
also allowed: ‘(.' for the open bracket, and 
‘,)' for the closed bracket. 

How can we access the elements in this 
array? By using an index, as already men- 
tioned. So 


Year[Mar] 
refers to the third element, the entry for 
March. As the elements are REAL, they can 
be manipulated in the same way as other 
REAL variables. So if we wanted to work 
out the average rainfall, with all the figures 
already saved in our table, we could type: 

Sum := 0; 

FOR Month := Jan TO Dec DO 

Sum := Sum + Year[Month] ; 
Average := Sum/ 12; 


where ‘Sum’ and ‘Average’ are both 
REALs. At each pass through the loop the 
variable ‘Month’ takes the next value in the 
type. Therefore each element of the array 
‘Year’ is accessed in turn. 
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Array elements can be on either side of 
an assignment — otherwise they could 
never get values in the first place. They can 
also be read and written,. but only indi- 
vidually. If you want to output all of the 
elements in an array, you must use a FOR’ 
loop and write each one in turn. 

You can also assign an entire array in 
one statement. If ‘Year!’ and ‘Year2’ are 
both of the same type, ‘Table’, then this 
assignment: 


Year! = Year2 : 


will copy each element of the ‘Year2’ array 
into the corresponding element in ‘Year1’. 
Unfortunately, you-cannot compare entire 
arrays in one statement, this must be done 
one element at a time. In fact, no arithmetic 
operations are allowed on entire arrays, | 
only on individual elements. 

One problem with Pascal arrays is that 
they can only have one. dimension. How- 
ever, that is a very pedantic way of looking 
at the facts. An array element can be of any 
type, including a further array! This means 
we can build arrays of arrays — in effect a 
multi-dimensioned array. It also means 
that there is no limit on the number of 
dimensions an array can have, though cer- 
tain compilers do put an arbitary limit on 
this. 

Suppose we want to extend our rainfall 
table to cover the last ten years. We could 
do this by declaring ten separate tables, 
one for each year. Alternatively we could 
build a two dimensional array: an array of 
year tables: 


TYPE 
Months = (Jan, Feb, Mar, Apr, May, 
Jun, Jul, Aug, Sep, Oct, 
Nov, Dec) ; 
Table = ARRAY (Jan. .Dec] OF REAL; 
BisTable = ARRAY [1974. .1984] OF 
Table ; 


VAR 
Rainfall : BisTable ; 


The type ‘BisTable’ is such an array. Notice 
we have used an integer sub-range as the 
index type. This enables us to refer to indi- 
vidual years with the actual year number. 
How do we now access this array? If we 
want to find the rainfall in December 1976, 
we must type: 


Rainfall[1 976][Dec] 


The first index, ‘1976’ selects the correct 
array of type ‘Table’ from which we can 
read the required months figures. The 
second index ‘Dec’ actually refers to the 
required entry in the array for 1976. There is 
a shorthand notation for this type of 
access, missing out the inner brackets: 


Rainfall[1976,Dec} 


has the same effect. 

In this part we have introduced user 
defined types, and arrays. In the next part 
we will extend user defined types to 
include a further powerful data structure. 
We will also look at the one remaining con- 
trol structure, and subroutines which can 
be used to split your program into small, 
manageable blocks of code. 
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When it was initially launched, the provi- 
sion of 32K of RAM within the BBC com- 
puter seemed generous when compared 
to other home micros available at the time. 
Today though, 64K of RAM is rapidly 
becoming the norm and the Beeb seems 
rather short on memeory when compared 
to more recent designs and this memory 
facility can all too often be a problem, par- 
ticularly if any high res graphics displays 


BBC MEMORY EXPANSION 


Tony Jones compares two competing memory expansion systems 
for the BBC micro. Both enable programs of up to 28K to be run 
regardless of screen mode. 


are required within a program. In this case 
the amount of user RAM rapidly diminishes 
to the point at which the computer hardly 
gives a ZX81 arun for its money. Anumber 
of solutions to this problem have found 
their way onto the market during the 
course of this year and this review will be 
looking at two of them. 

Readers of E&CM can hardly have failed 
to note that there has been a certain 


Raven Expansion Board 
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*RON Enables the board. 
*“RVFF Completely disables the Raven board. 
*RVTEST  Allowscorrect operation of the system to be confirmed. “RAMOFF 
*RSTAT Returns the status of the board (on/off). *CLAIMON 
*SSAVE Automatically saves the current screen to tape or disk. *CLAIMOFF 
*SLOAD Loads asaved screen to the appropriate location, *BUFFERON 
*RZAP Enables the user to examine memory contents in a similar 
way to Disk Doctor's MZAP routine. 
*ROZAP Enables the user to edit sections on a disk similar to Disk 
Doctor's DZAP routine. 
*RAM Allows the user to load a file into a.specified ‘sideways 
RAM’ slot. 
*FRON Alternative to *RON command that enables the board in a “BUFFEROFF 
different fashion. *PURGEOFF 
*RPAGE Similar to “FRON. but allows the user to define the area in 
which the system vectors will be located. 
*HELP RA ._ Displays the current values of PAGE and HIMEM. *PURGEON 
*HELP BUFFERON 
*HELP RAMSTATUS 


Watford Memory Expansion System 
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amount of legal dispute surrounding the 
design of BBC memory expansion boards. 
Allegations involving patent infringement 
and plagiarism etc have been thick on the 
ground in recent months. This review will 
not concern itself with these, although 
elsewhere in this issue you will find the 
latest news on this aspect of the story. 


> 
Ta 


This command turns on the RAM board to free 
the memory normally used by the screen. 


This command turns the RAM board off. 


Releases for the user the 256 byte workspace 
used by the system when BREAK is pressed. 
Frees the 256 byte workspace. 

Turns the buffer on and can have two suffixes S/ 
Land a numberic 0-8. The S suffix selects the 
12K buffer option, the L suffix the 32K buffer. 
The numeric suffix allows the additional buffer 
RAM to be assigned to any of BBC micro’s inter- 
nal buffers. The default selection is for a 12K 
printer buffer. 

Turns off the buffer. 

Prevents the large buffer being purged on 
ESCAPE or *FX15 etc. which would be undesir- 
able in some cases when working with a large 
buffer. 

Enables purging of the buffer. 


To obtain status information. 


onthe current status of the system. 
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Friendly bank manager 


Very crudely, the BBC micro divides the 
64K addresses that an-8-bit micro is cap- 
able of addressing into two areas. One of 
these is occupied by the ROM containing 
the computer's operating system and the 
BASIC interpreter, the 32K of RAM being 
allocated to the second area of the 
memory map. From this it is evident that, if 
some extra RAM is going to be added to 
the system, some form of bank switching 
of memory will be required. 

In order to achieve the necessary 
switching of memory without wholesale 
alterations to the pcb of the BBC micro 
both the boards reviewed here have 
adopted a similar technique. This involves 
removing the computer's 6502 processor 
and replacing it with a small pcb containing 
the additional memory and the control 
electronics. These add-on boards also 
have a blank socket in which the 6502 is 
inserted. Control of the system is the job of 
EPROM-based software that is mounted in 
a vacant sideways ROM socket. 

For a more detailed description of the 
operation of such systems it is suggested 
that readers refer to the first part of our 
Memex project published in April of this 
year (note however that we were unable to 
complete the publication of the project as 
we ourselves were caught up in the legal 
difficulties referred to above). 


ee 

Summarising specs 

At a glance the specifications of the Wat- 
ford and Raven memory expansion boards 
are rather similar. This is hardly surprising 
given the limited design options available 
to anyone wishing to incorporate extra 
RAM within the BBC in such a way that its 
operation will, in the main, be transparent 
to the user. Both systems allow programs 
of up to 28K to run regardless of the 
selected screen mode. Both make some 
additional OS calls available and both are 
installed in a similar fashion. The Watford 
board offers the attraction of a printer buf- 
fer though, while the Raven board man- 
ages a more extensive range of additional 
OS calls. 


Users who can handle the installation of a 
sideways ROM IC without the aid of a 
dealer will have no problems in fitting either 
expansion system to their micro. In both 
cases it is necessary to fit an EPROM 
which holds the controlling software in a 
vacant sideways ROM socket and to 
remove the Beeb’s 6502 MPU. In the case 
of the Raven system, installation is com- 
pleted by inserting the 6502 processor in 
the pcb that holds the additional memory 
and inserting this assembly into the vac- 
ated socket on the BBC micro’s board. 
The Watford system adopts a slightly 
different approach. After removing the 
computer’s processor to a socket on the 
expansion pcb a ribbon cable is used to 


connect the micro to the additional 
memory (this allows more flexibility in the 
sighting of the additional pcb). It is also 
necessary to replace |C86 of the BBC with 
one supplied with the Watford board and 
to make two flying connections to this new 
IC and to link S19 on the micro’s main peb. 

The manuals supplied with both systems 
take the user through the installation pro- 
cess in a clear, easy-to-follow fashion and 
in both cases the conversion will only take 
minutes. 

As a major aim of both products is to 
provide a system that is transparent in 
operation it is difficult to comment on the 
performance of the two systems, save that 
they both meet the required objective of 
the provision of extra RAM. Instead of 
describing the operation of the systems, 
the best way to assess the capabilities of 
the systems is to study the list of com- 
mands that are used to control the opera- 
tion of the boards. 

Both systems are well made and the 
choice between them will be a difficult one 
for many users. The ability of the Watford 
system to be configured as either a 12 or 
32K printer buffer will obviously be a 
major attraction for many users. There are 
others though that will value the com- 
prehensive range of additional utilities that 
are built into the firmware of the Raven 
board. In the end it will depend on which of 
the rival systems unique qualities you rate 
most highly. 


NO HOME COMPUTER IS COMPLETE 


WITHOUT IT 


Because Touchmaster opens up the 


home computer. 


First, to the full range of users, even 


the very young. 


Secondly, to a whole new style 
of software (‘Touchware”), which is not 


limited by the keyboard. 


Touchware goes all the way from 
early education packages to sophisticated 


graphic programs. 


What's more, comparable pads are 
limited because their surface is composed 
of either a bank of switches of finite size or 


carbon tracks laid in a grid. 


Or they need a delicate electronic 
stylus. Or they offer a limited working sur- 
face. Touchmaster’s full A4 printed surface, 


by comparison, is totally linear 


It has a resolution of 256 x 256 
points (that’s what makes Touchmaster so 


flexible). 
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TOUC 


Now anyone can master the home computer 


HMASTER 


For full details, contact Touchmaster Limited, 
PO Box 3, Port Talbot, West Glamorgan SA13 1WH, 
or phone Teledata (01) 200 0200 
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Degree course 
for roboticists? 


The Open University has recognised 
the urgent need to explain to 
engineers, and indeed the general 
public, the realities of today’s robots. 
The BBC Open University production 
centre have just completed work ona 
series of five 25 minute programmes 
which between them provide a 
comprehensive overview of the 
current applications of a variety of 
robot systems, 

Transmission of the programme 
begins at 10.35 on Saturday 
December 1st. This isa scene-setting 
programme with the title “Have the 
robots arrived?” The programme 
shows the extent to which robots 
have penetrated the manufacturing 
industry and features an interview 
with Joe Engleberger, the “father of 
robots”. 

Programme 2 looks at the 
operation and programming of a 
number of different robots while the 
third programme examines the way 
in which sensors can increase the 
versatility of a robot by providing 
information about its working 
environment. 

The penultimate programme 
traces the use of robots in the 
glamour area of robotics and 
assembly and includes an interview 
with the head of the design group 
responsible for the PUMA arm. The 
series concludes with a programme 
that looks at the implementation of 
robot systems with an in-depth look 
at the way in which Austin Rover have 
made use of robots in their 
manufacturing operation. 

The Open University have a 
reputation of producing interesting 
programmes that present a great 
deal of information in a lively and 
interesting fashion. Anyone 
interested in robotics should find 
much of interest in the series. 


Transmission times 


Have robots arrived? — 1st 
December 1984. 

Making the nght moves — 8th 
December 1984, 

Making sense of uncertainty — 15th 
December 1984. 

Assembly: Suitable for robots? — 
5th January 1985, 

Implementing robot systems — 
12th January 1985. 
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Teaching Tomys to walk 


Tomy’s voice recognition unit, going 
under the name of Verbot, should be 
one of the biggest selling robots over 
the Christmas season, This 
prediction is based on the fact that 
the robot is one of an increasing 
number of products that are more 
toys than true robots. Verbot can be 
trained to recognise eight verbal 
commands that control its movement 
forwards, backwards, rotate it left 
and right, allow it to lift up and put 
down objects, to flash its ‘eyes’ and 
to terminate the current operation. 

Most of the above actions are 
self-explanatory but the operation of 
Verbot’s arms is rather unusual. The 
two arms are mounted on Verbot's 
shoulders and at rest lie flush with its 
body. When commanded to do so, 
the arms lift up to a prayer-like 
position in front of the robot, Any 
object in front of Verbot at the time is 
thus picked up. A reasonably 
effective system but objects must be 
restricted to small thin iterns; paper 
probably being the easiest of things 
for Verbot to pick up. 

The robot is supplied with a 
‘wireless’ microphone into which 
commands are uttered. When first 


switched on each command is 
spoken into this microphone while 
one of eight buttons on the front of 
the robot is pressed. The manual 
accompanying Verbot suggests that 
commands should be of between 1 
and 11% seconds in duration and that 
each should sound ‘very different’. 
Thus rather than attempting to train 
the robot to recognise “turn right” 
and “turn left”, one of the commands 
should be altered, using the word 
“rotate” rather than “turn”. A LED on 
the robot indicates that a word has 
been successfully stored in memory. 

In operation Verbot proved 
surprisingly reliable considering its 
low cost. 

Most commands were recognised 
at the first attempt and the robot 
could be trained to respond to a wide 
range of voices although it performed 
better when ‘listening’ to the higher 
pitch of a female voice rather than 
deeper masculine tones. One 
unfortunate aspect of the design is 
that the robot ‘loses’ its memory 
every time it is switched off and must 
be retrained when it is next used, To 
train it to recognise ail eight 
commands takes some five minutes 


and some form of battery back up for 
the remory would have been a 
welcome feature. 

One minor point to mention is the 
fact that the wireless link used by 
Verbot operates at a frequency of 
49.860MH. This is a part of the radio 
frequency spectrum that is set aside 
as a mysterious section of the BBC 
system and is definitely not for use 
with toy robots. The power of the 
transmitter is, however, so low (range 
is only a matter of feet) that use of 
Verbot is unlikely to interfere with any 
other transmissions. There is little 
likelihood of Men from the Ministry 
bearing down on Verbot owners 
putting the robot through its paces! 

Verbot is definitely fun to operate 
and while not capable of serious use 
does demonsirate some important 
aspects of the general operation of 
robot systems. 

Verbot will be on sale in many toy 
shops and department stores over 
the Christmas period and will 
undoubtedly be a crowd 
pulling performer. 


At first sight the usefulness of the 7 or 8 bit 
Centronics Port appears to be fading fast 
as more and more information needs to be 
passed between the computer and the 
robot. To recap, we are already using 4 
outputs for the driving motors, 1 output for 
the pen lift and one output for the third 
wheel arrangement. We could use B6 and 
B7 to select 1-of-4 inputs to be read by the 
Centronics BUSY line, but that is no real 
help since we’re reading 2 inputs already 
(from pen lift and the third wheel), so two 
bump sensors would be the limit. The 
question is, should we replace the Cen- 
tronics connection? — to which the answer 
is, not yet. 


MULTIPLEXED 1/0 


Figure 1 shows a possible solution to the 
problem of multiplicity of lines. The Cen- 
tronics or other parallel port is retained to 
control two 8-stage shift registers. These 
are CMOS devices, but if you obtain the 
buffered variety (suffix B) then they will 
drive 1 standard TTL gates or a couple of 
LS TTL gates without any trouble. Note the 
2K2 resistors which assist conversion from 
the TTL parallel port to the CMOS inputs. 

The 4049B is an 8-stage shift-and-store 
register which has data shifted on positive 
transitions of the shift clock. The data in 
each shift register stage is transferred to 
the storage register when the strobe input 
is high. Data in the storage register 
appears at the outputs whenever the out- 
put enable is high, but otherwise the output 
are open circuit. 

The 4021B is an equally versatile pack- 
age which can be used as a simple 8-bit- 
parallel to 1-bit-serial shift register. 

The software needed to control the two 
shift-registers needs to be in machine 
code — a set of subroutines in fact. One 
such routine might, for example, take a 
single byte, present each bit in turn at DO, 
create a clock pulse on D2 and then, after 
8 bits had been transferred, put a high out 
on D1 so that the bits in each stage of the 
register could pass as 1 byte to the buggy. 
There is quite a lot of bit manipulation 
required along the way. A similar routine 
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BIGGER BUGGY 
BUILDING 


This month Richard Sargeant shows how to add sensors and an extra interface 
board to the Hardy Buggy featured in last month’s issue. 


Figure 1. Suggestions for a serial interface. 


LISTING 1. 
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would be responsible for extracting 
information from the 4021, to assemble the 
1 byte representing the status of the 
buggy’s switch sensors. 

This 2-chip solution might appeal to you, 
but remember that the 4021 can only pass 
logical data. In the next circuit, Figure 2, 
| the  sensor-multiplexer can handle 
analogue data, which is always a useful 
facility to build into any design destined to 
be used in robotics. 


CIRCUIT TWO 


This circuit of five ICs offers a aumber of 
advantages over circuit one. The output 
latches are robust TTL, the input multi- 
plexer is the massive 16 input CD4067B, 
‘and the whole design can, at a pinch, be 
run directly from Basic — a facility useful for 
testing and setting-up purposes, 

Purists will note tht the 74LS174 latches 
are being under-used with only 5 of their 6 
lines connected to the parallel data port. 
This is because the design is pared down 
to fit minimum-spec system. Note that it is 
assumed that only 8 parallel lines can be 
squeezed out of the computer, the eighth 
line coming from either D7 or the Strobe. 
Some computers have D7 and a strobe 
(which can sometimes be reached via 
machine code), and if this is the case with 
your machine, you should take advantage 
of the fact, and rewire to include the sixth 
bit of each 74LS174 in the new design. 

Because of a happy chance in the design 
of the CMOS 4555 decoder (which is why, 
of course, we are using CMOS here), con- 
necting Centronics STROBE to pin 15 
enables you to drive the 74LS174 outputs 
using humble LPRINT commands, should 
you wish to do so! 


SOME SOFTWARE 


The action of circuit 2 is best seen from the 
viewpoint of a specific command instruc- 
tion. Let us suppose that half of the “Two 
Motor Driver” circuit (E&CM August p56) is 
attached to IC2, with latched output L2-0 
controlling motor ON/OFF and output L2-1 
controlling motor direction. To drive the 
motor forward the now familiar byte 
00000001 is required, but it must be sent to 
IC2. Before it is sent, consider the state of 
IC4. STROBE is off, so it’s HIGH. IC4 is 
thus disabled and all outputs are LOW. All 
latches, ICs 1-3, are holding their previous 
data. To latch IC2, IC4 must put a HIGH out 
on its Q1 and to do this is must be given 01 
on its A B inputs. Therefore 00100000 is 
ORed to 00000001 to give the byte 


00100001 which is sent out as LPRINT’ 


CHR$(33). The automatic LPRINT low- 
going strobe enables IC4 which outputs a 
high-going strobe of identical duration to 
IC2 and the LPRINT data passes through 
to its proper destination. 

LPRINT CHR$(1024+C) selects a sense 
line prior to reading it in. C is the address of 
the sense line, in the range 0 to 15. 
Remember that if you intend to use Cen- 
tronics’ BUSY as the IN port, then you will 
not be able to use LPRINT commands. 
LPRINT, when used to drive robots, needs 
BUSY to be tied to ground. It's time to look 
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Figure 3 shows the idea. The dome is 

only slightly modified. A hole (A) is drilled to 

accept a LEGO axle (B);. Lines (C) and (D) 

cineca represent the sides of a hollow cylinder — it 
could be part of a metal can, or more 

simply, a cardboard cylinder lined with 

kitchen foil. It is firmly glued or screwed to 

the dome at (E). Structure (F) is a solid 

cylinder (a piece of dowel rod is ideal) with 

eight drawing pins embedded in it. By 


. -- source code is suitable 


Sf ; ; selecting your hollow cylinder and solid 
fii “fe oe ° cylinder sizes carefully, the metal of the 

iva ppd, ee ot ° former will only make contact with the 
Frnone¢ Ltr ay oft ne fae drawing pins of the latter when the buggy 

cro see ear FF arco ° bumps into an obstacle. By extending axle 
(B) into rod (G) a shepherd’s crook arrange- 
ment can keep the wires (and there are nine 
from the homemade sensors themselves) 
reasonably free of the dome. If you intend 
to use “sensory Hardy” in rough environ- 


1 BE TEXT 


inruT & 
ANALOGUE Of TTL 


el ]e]s/ 3] 


Figure 2. This sensor-multiplexer can handle analogue data. 


at machine code, and we’ll begin with that LISTING 1 — Continued 
long overdue routine which drives the | f a — 
“Two Motor Drivers” board. Listing 1 

shows the source code, suitable for virtu- 

ally any Z80 CPU computer. Use it to drive 

Wall Builder, Laurel or Hardy or any other 

dual motor device. It’s an experimental 

program designed to assess gearing on 

different designs of motor, but it isn’t set to 

work on the multiplexed circuits discussed 

this month, without due attention to mask- 

ing in the OUTBYTE section of the code. 


KITCHENWARE SENSORS 


LEGO robotics is a low-cost robotics ven- 
ture, and so every expense has been 


“Every expense has been 
spared in fitting ESP to 
Hardy”. 


spared when it comes to fitting Hardy with 
extra sensory perception! To take advan- 
tage of all the new input lines, Hardy has 
been fitted with no fewer than eight bump- 
sensors representing eight sections of the 
compass rose. You will find, if you have 
endeavoured to build Hardy close to the 
original chunky shape, that a plastic bowl 
or dome will fit nicely over the Buggy’s 
entire bodywork. This has the advantage of 
hiding a multitude of constructional errors 
(!), but also provides the basis for eight 
cheap sensors. A search for a suitable 
dome takes us away from LEGO, of 
course, but not for long . . . A 50p plastic 
sieve seemed to have the precise colour/ 
weight/size requirements, but feel free to 
indulge yourself! Your choice must, how- 
ever, be capable of being pivoted on the top 
of Hardy, and be able to move on its pivot 
whenever it hits an obstacle. 
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for low-cost training In 


real-life robotics 

The advanced “lesign of the Neptune 2 makes it the 

lowest cost real-ife industrial robot. 

itis electro-nydraulically powered, using a revolutionary water 

based system (no messy hydraulic oali} 

It performs 7 servo-controtied axis movements (60n Neptune |) J 

—more than any other robor|under £10,000. 

Ats program length is limited only by the memory of 

your computer. 

Think what that can do for your BASIC programming skills! 
And it’s British designed, British made. 


(Hand netd simudator for processing (requires ADC option) 
Neptune robors ane sold in jot form as follows. 


Neptune | robot kit jin, power supply) £250.00 
cormrol electronics 


£295.00 
£45.00 


Neptune 2 robot lot fine. power supply! £172$.00 
Neptune 2 control electronics 

(ready bust) £475.00 
Neptune 2 simulator 52.00 


ADC ophon jcompanents fit to main 
controt board) 

Hydraulic power pack (ready assembied} 
Gripper sersor 

Optional extra three fingered gripper 
BRC connector ead 
‘Commadore VIC 20 connector ead and 


plug-in board 
‘Snctait ZX Spectrum connector lead 


All prices are exclusive of VAT and valid until the end of March 1985 


‘Commodore VIC 20| connector lead and phuginboard £14.50 
‘Unciar ZX Spectrum! connector tead £15.00 


All prices are exctusive of VAT and valid until the end of 
March 1985 


CYBERNETIC APPLICATIONS LIMITED 


PORTWAY TRADING ESTATE, ANDOVER, HANTS SPIO 3¥R 
TEL (0264) 50093 TELEX: 477019 
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ments then you must either be prepared for 
the dome to come adrift frequently, or you 
must glue some of the upper LEGO struc- 
tures together using a strong epoxy glue. 
Listing 2 shows how the sensors can be 
read in machine code, using the circuit 
containing the 4067 analogue multiplexer. 


Figure 3. A plastic seive completeshardy’s body- 
work, 


PARTS LIST 


for the multiplexed parallel board. 
1C1,2,3 , 74LS174 
IC4 4555B 
IC5 4067B 
R1-7 2K2 0.25W 
C1-4 100nF Disc ceramic 
5 IC sockets; Veroboard. 

ALEGO parts list for the Hardy buggy is 
available on request. Send a SAE to E&CM. 


' Your Robot (May 84) { 


“Its stylish good looks make an immediate 
impression” 
“Will be the best buy around” 
“Lifted a total weight of 4lbs!” 


What Micro? (June 84) 
“Is quite powerful and will life a load of 7lbs” 
“Will sell for £225 rather than better known ones 
that cost nearer £600.” 


Computer Answers (July/August ’84) 


“The arm is very powerful with a bone-crushing 
grip. Constructionwise, Ogre is a real monster, 
the elbow rotates to 60, making it possible to 
grab any object of any height! A well made 
piece of machinery that should prove useful to 
both college and industry.” 


Incredible value for £195+VAT 


Please allow 28 days delivery due to very heavy demand. 


VIC20/CMB64, DC motor/st + motor drive interface, 
fully independent stop/start/forward/reverse by simple 
pokes!!! 

2 DC motor/1 stepper interface 
4 DC motor/2 stepper interface 

Interface Board for Ogre 
Complete with leads and software. 


L.W. STAINES & CO 
UNIT 2 RODING TRADING ESTATE 
LONDON ROAD aot ae ESSEX IG1i1 8BU 
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At its simplest, a turtle is little more than a 
couple of motors mounted on a base and 
connected to a computer via a wire link. 
The majority of commercially available tur- 
tles however take this basic definition 
many stages further by building in all sorts 
of sophistications. 

Unfortunately all of these extras cost 
money — the reason why many designs 
leave little change from £200. There would 
seem to be a market for a basic low cost 
turtle that offers the bare minimum of 
facilities yet also makes provision for future 
expansion. It is this market that the DEW 
interface/Line Tracer Movit combination is 
aimed. 

The Line Tracer Movit is one of a range of 


— YOUR ROBOT 
PaO SRE OI RRS ORE ES: 


OMPUTER CONTROL 
FOR MOVITS 


Ken Alexander reviews the new DEW interface which lets your computer control 
your movit. 


-—— 


To the programmer, the DEW interface 
appears as a serial array of functions that 
may be sequentially selected by a series of 
high-low-high pulses transmitted. via one 
of three wires linking the board to the com- 
puter, To the electronics engineer the inter- 
face consists of a 4017 decade/divider, a 
4093 quad two input NAND gate, a pair of 
V-FET drivers and a handful of assorted 
resistors and diodes. 

The reset input of the 4017 is taken 
directly to the ‘touch resets’ of the PCB 
while the clock input is connected, via the 
umbilical cord, to the output line of the 
computer designated as the serial output 
channel. 

Resetting the 4017 will force the 0 pin of 
the IC to the low state and subsequent 
high-low-high transitions on the clock line 
will, in-sequence, take lines 1 to 9 low. With 
output 9 Jow, the next clock pulse: will 
return the IC to its initial state, ie line 0 low. 
The outputs can thus be considered as a 
ting, indeed. this curcuit configuration is 
often known as a ring counter, 

Table 1 shows the way in which the 10 


_— 


lines of the 4017 have been assigned. In 
the case of the motor channels, the output 
of the counter IC is taken directly to the 
gate: of one. of the two V-FET devices (or 
both in the case of the left and right com- 
mand). The user defined channels are 
direct connections to one of the 4017’s 
output lines: while the four input channels 
are taken to one of the gates in the quad 


Function 
User defined 
Motor right 
Motors left and right 
Motor left 
User defined 
User defined 
Sensor input 
Sensor input 
Sensor input 
Sensor input 


Channel No. 


OMNAAARWN-O 


low cost DIY robots marketed in this 
country by Prism. The Line Tracer Movit 
consists of a base on which are mounted 
two drive motors, a sensor board consist- 
ing of an infra red LED and two photo 
diodes. Some control electronics and vari- 
ous nuts and bolts hold everything 
together. 

As it stands however, the Movit makes 
no provision for computer control. It is this 
omission that the DEW interface makes 
good. 


EASY GOING 


Assuming that the Line Tracer has been 
built according to the supplied instructions 


NAND package. The output of these gates 
are selected by the 4017 in conjunction 
with a series of diodes. 

Although the hardware is of a fairly 
simple design it opens up a number of 
interesting possibilities. One of these is the 
prospect of. controlling the speed of the 
drive motors via pulse width modulation. 
With: quite straightforward software it 
would be possible to vary the duty cycle of 
the pulse appearing on a specified motor 
control :line,. ‘thus varying the speed at 
which the associated motor is driven. The 
sensor inputs (two of which are tied high 
and two low) may be used in conjunction 
with the diodes that form the line tracer’s 
detector assembly either in their ‘Movit' 
role as, perhaps an intelligent line tracer, or 
they could be modified to provide some 
positional feedback in conjunction with a 
slotted disk mounted.on the drive wheels. 
The other outputs could be used to provide 
inputs for tactile sensors. The three output 
lines could be used to directly drive LED’s 
or, via a driver transistor, other devices 
such as a sound generator. 

=i 
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and that it is working satisfactorily, itis a 
simple matter to install the interface. Firstly 
the Line Tracer control PCB is removed 
and DEW’s board mounted in its place. In 
keeping with Movit philosophy, there is no 
need to make any soldered connections to 
the interface board. 

The board is connected to the control- 
ling computer via a three wire (two plus 
screen) link rather than the common multi- 


operation of the interface see the technical 
explanation section. 

The interface supplied for review was 
designed for operation with the BBC micro 
and was supplied with two pieces of soft- 
ware. The first of these was written in 
BASIC and provided.a simple robot driver, 
while the second, more sophisticated pro- 
gram was written in machine code. The lat- 
ter program was fully annotated and study 
of this should provide users with a 
thorough understanding of the techniques 
used to control the interface. 


.- « AND FINALLY 


The combination of Movit Line Tracer and 
DEW interface allows users to explore the 
concepts of turtle operation at very low 
cost. The full price of the interface plus 
Movit is around £40, a fraction of the cost 
of other designs on the market. In its basic 
form the Movit turtle offers a very limited 
performance, but the system makes ample 
provision for expansion. Without spending 
a fortune it should be possible to provide 


way ribbon cable. For an explanation of the 


some form of positional feedback and to 
build in tactile sensors in addition to other 
more esoteric detectors (perhaps for 
sound). 

The interface is straightforward to con- 
trol by means of software written in either 
Basic, or, for more demanding applica- 
tions, in machine code. At present the 


interface is designed for operation with the 
BBC computer but if sufficient interest is 
shown, and surely there will be, DEW will 
offer versions for the Spectrum and Com- 
modore 64. 

The Movit interface costs £25 fully al 


sive and is available from DEW Electronics 
at 21 Warwick Street, Oxford, OX4 1SZ. 


, 


HISOFT 


for the ZX Spectrum 


Hisoft is pleased to announce a new compiler for this popular 
and effective systems programming language. Not a tiny-C but 
an extensive, easy-to-use implementation of the language. 
Allows direct execution of compiled statements. Supplied with 
function library. Available direct from Hisoft for £25, or write 
for further details. 


All prices, UK delivered, relate to 48K ZX Spectrum versions. 
Our software is available for many other Z80 machines e.g. 
Amstrad CPC 464, MSX, Memotech, SHARP MZ700, New- 
K, Brain, CP/M etc. Please write for details. 

™ ; = Z 


HISOFPT 


ULTRARKIT 2.1 


The most powerful toolkit yet for ZX BASIC. All the features 
you will ever need; AUTO insert, full RENUMBER, block 
DELETE, CLOCK, ALARM, error trapping, break trapping. 
Full TRACE with single-step and much, much more. Makes 
ZX BASIC easy-to-use and powerful. 


DEVPAC a 


An excellent assembler, an advanced line-editor, a compre- 
hensive disassembler and a superb WF is panel’ debugger 
all in one package. Used by many leading software houses to 
write their games. “Buy it!’ Adam Denning 1984. 


PASCAL as 


A_ powerful and almost full implementation of Pascal - not a 
Tiny Pascal. A valuable educational and development tool, 
programs typically run 40 times faster than a BASIC equivalent. 
Spectrum version includes Turtle Graphics package. “ I haven't 
seen any other compiler that could match Hisoft’s Pascal” 


HISOFT 


180 High Street North 
Du.istable, Beds. LU6 1AT 
Tel: (0582) 696421 


64 character 
Spectrum printout 


J. H. Woodhead shows you how fo print out 64 Spectrum characters 
per line, or if you want to shout, in double and quadruple size. 


| This machine code routine enables the 
Spectrum to print either 64 characters per 
line or double size or quadruple size 

| characters. 
By opening two extra print channels, the 


actual printing routine and is 634 bytes 
long. The short program below should help 
you poke the numbers into the right place. 


10 FORA 4+ 64733 TO 65368 


routines can be integrated into Basic quite oa SKE, . 

easily and you don’t need to understand ‘ 

machine code. 40 PRINTA,P 
50 NEXTA 


Normal printing is done using channel 2, 
but another channel can be used with the 
hash symbol #. So if: 

PRINT#8;“ABC” 


is inputted, the print command is re- 
directed to our own routine and ABC is 


When this is done you should save it on 
cassette by typing in 
SAVE “CHARS” CODE 64733,634 


then, when it is needed for future use, 
simply type in 


printed double size. Alternatively:- Software compatible with Spectrum+. CLEAR 64732 
PRINT#9;“ABC” Before you do anything else you should | LOAD “* CODE 
will print 64 characters per line. type in CLEAR 64732 to reserve some The only thing that remains to be done 
All sizes of characters can be put on the | memory above ramtop, then input the | now is to set up some vectors in the chan- 
screen at the same time. series of numbers in Listing 1, whichis the | nel information area. 


LISTING 1. Printing routine. 


45033 205 254 13 6 3 

65038 33 160 80 209 62 

65043 170 15 50 19 254 

65048 245 197 229 6 4 

65053 48 uM 126 230 15 

65058 119 26 230 240 182 

65063 119 34 126 230 3 65223 72 128 4 170 234 
65068 119 26 205 39 203 65228 164 4 170 98 192 
65073 3 203 39 203 34 65233 0 64 4 0 0 
45078 182 119 % 19 16 65238 0 &4 72 ! 36 
65083 227 24 29 126 230 65243 132 2 9 14 14 
65088 240 119 26 203 3 65248 0 8 64 3b 428 
65093 203 63 203 63 203 65253 4 182 68 4 6 
65098 63 182 119 36 126 65258 68 228 224 4 170 
65103 230 240 119 26 230 65263 234 140 12 172 170 
65108 15 182 119 36 19 65268 192 4 168 138 b4 
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For this, just type in 


POKE 23592, 125 
POKE 23593, 255 
POKE 23602, 194 
POKE 23603, 253 
POKE 23681, 2 
POKE 23590, 127 
POKE 23591, 255 
POKE 23604, 221 
POKE 23605, 252 


Now the new routine is ready for use. 
When running, the normal print state 
ments are unaffected, but when you want 


to print 64 characters per line, use channel | 


9; for example: 
PRINT#9;“ABC” 
You can also LIST#9 


Note that it only prints ASCII codes 32 to 


90, so will not print lower case or graphics 
characters. 

To print double or quadruple size use 
channel 8, eg: 


PRINT#8;"AB” 


This will print all characters except block | 


graphics. To switch from one size to the 


other | have used the first two block } 


graphics, code 129 and code 130, as con- 
trol codes, so we can say 


PRINT#8;“ABl4ANDF CD” 


around 


Scroll is a bit different, because it is not 
possible to print the scroll? message at the 
bottom of the screen without changing 
channels. So if the screen is full and 
requires scrolling up, it will just wait for a 
key to be pressed without the scroll? 
prompt. 


LISTING 1 — Continued 


DECEMBER 1984 


to swap L 


< se age Be! 


For anyone with a 16K Spectrum, the fol- 
lowing alterations should be made. 


CLEAR 31964 

Input the code to 31965 onwards 
POKE 23603, 125 

POKE 23605, 124 

POKE 32229, 126 

POKE 32279, 126 


PROJECT 


An explanation of the disassembly of the 
print routine for this project is shown 
above. However, readers who wish to see 
this in more detail may obtain a copy of the 
listing from Electronics and Computing 
Monthly, Spectrum 64 Character Screen 
Project, Scriptor Court, 155 Farringdon 
Road, London EC1R 3AD. 
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Price £1.35 + 40p post and packing. If you live outside the U.K. 
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